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ABSTRACT 
DEVELOPMENT OF A DESIGN ENGINEERING IN-SITU SENSOR PAYLOAD 
OPTIMIZATION TOOL 
By Keith R. Schreck 
Determination of instrumentation for space science missions is an involved, 
complex procedure. Components are chosen to meet mission science requirements, 
creating an initial sensor package design. Design reviews iterate on the initial concept 
and options are evaluated until a final design solution is determined. Trade studies are 
traditionally performed at the component level. A final design solution is determined at 
the end of this often lengthy process. The analysis performed in this work looks at 
mission requirements and generates a mission sensor package using design engineering 
relations. Given a set of data to be returned from a science mission, a sensor package that 
meets mission requirements can be generated for a design solution. A tool for in-situ 
measurements is developed using systems engineering design relations to deliver a sensor 
payload configuration. 
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I. Introduction 
The driving interest behind the development of this program comes from material 
presented during a short course on In-Situ Instruments for Planetary Probes and Aerial 
Platforms hosted as part of the 4l International Planetary Probe Workshop [1]. 
Attendees were given a mass and power budget for a planetary probe mission that used 
an aerial platform, and were tasked to develop a sensor package that would meet the 
mission requirement and fit within the constraints. Long before a mission is launched, 
during the initial planning stages, a series of studies are conducted to create a sensor 
package custom tailored to meet the mission requirements. Components are chosen to 
survive the operating environment and meet mission requirements. 
Design of the sensor payload package for any mission addresses several issues. 
The final optimal payload configuration is a result of individual case studies and design 
engineering studies. The scope of the tool, is limited to optimization techniques within 
the sensor payload, however, a higher system level criteria may impact the component 
level design, resulting in a different component selection. At some point, a human 
decision is still included in the design process, as final selection between competing 
elements is made. The decision to use one component over another can arise from many 
factors - functionality, heritage, Technology Readiness Level (TRL) [2], etc. The 
objective of this work is to combine all of the selection techniques for mission hardware 
into a single tool that can be used to generate a preliminary sensor package configuration. 
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II. Methodology 
The component selection algorithms implemented in this tool trades sensor 
component characteristics (operational parameters such as range, performance, weight, 
accuracy, etc.) to arrive at an optimum component choice, based on a set of mission 
sensor requirements (e.g., planetary atmospheric data collection). Initial configurations 
are developed using top level mission requirements. As the solution for each sensor type 
progresses, the properties of the sensor are evaluated at finer levels of analysis. If a 
component no longer satisfies a requirement it is eliminated from analysis. If no suitable 
solution can be determined, a work-around strategy must be made to find a way to 
modify existing hardware to satisfy the mission requirements, either via a custom built 
specialized sensor, modifying a commercially available component to allow it to meet the 
requirement, or by making a modification to the mission requirement. The end result of 
this design tool for each type of mission science data is a unique commercially available 
sensor component. 
A database of commercially available components is developed for each type of 
sensor. The down-selection process will employ several methods to eliminate 
incompatible sensors. Primary selection methods are based on the operational range of 
the sensor type (e.g., temperature range for Thermocouples, atmospheric gasses for mass 
spectrometers). Special consideration is given to heritage system components, to further 
select from multiple sensors that operate over similar operational ranges. Use of heritage 
materials implies a high level of technological development behind the sensor. The 
Technology Readiness Level (TRL) employed in a sensor's design, relates the 
2 
development level and risk associated with the hardware. While technology with a 
higher TRL is desirable, there are other advantages to a lower TRL device. A given 
device could be at a high TRL, but be a heavy component or involve a complicated 
mechanism. A similar device could have a lower TRL, but be significantly lighter. 
However, the lower TRL device has an increased level of inherent risk in its use, 
compared to a more mature design. Multi-role components can also be evaluated for 
their useful properties. These types of units complete the tasks assigned to multiple 
sensors with the benefit of a single unit capable of recording several data types. The use 
of these selection factors will allow for the determination of a component that will meet 
the mission sensor requirements. 
As each component is selected for the sensor package, additional interactions 
between sensors will come into play. Design constraints may limit the use of certain 
types of sensors. Once a preliminary sensor design package has been completed, 
interactions between sensors at a system level may determine if any components are 
incompatible with other sensors. If this condition occurs, individual sensor requirements 
will have be modified and evaluated via another iteration with all the sensors until the 
sensors are compatible with each other and a final design solutions exists, or the program 
will determines that there is no commercially existing solution that meets the mission 
requirements. In this event a suitable solution sensor design will be a close result to the 
final sensor that will have to be custom modified. 
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III. ISSPO Tool Subroutines 
The ISSPO Program is comprised of multiple subroutines being called from the 
main program. Each subroutine is called and returns specific pieces of data back to the 
main program. Sensor type subroutines are developed as a self contained model only 
requiring inputs from the main program to select the correct component or, when 
necessary, obtain data from another module to select the component. The subroutine for 
each sensor type is only called if a corresponding type of data is requested in the main 
program (e.g., ACCELERATION for acceleration data, OPTICS for imaging data, GAS 
ANALYZER for gas properties). This modular development allows for the program to 
include all sensor types, yet reduce running time to only relevant sensor types. Many 
planetary science missions feature a basic atmospheric properties sensor pack that 
monitor temperature, pressure, density, etc. Within the ISSPO tool these atmospheric 
sensors have been coupled into a single input option selection that calls all the individual 
sensors automatically. The function and properties of each of the ISSPO Tool 
subroutines is discussed here. Descriptions here are not meant as an exhaustive 
description of the design flow through each module, but to detail the key elements of the 
modules, limitations, design logic and the data used. 
A. ISSPO Program 
The ISSPO routine is the primary program call entered at the MatLAB command 
prompt. From here, the input data is loaded to the main program and the sensor payload 
is configured from the sensor modules called for in this program. Each module contains 
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its own set of variables needed by the program. At the end of each module, the relevant 
data is written to a '.mat' binary data file. In the main ISSPO program, the data file is 
loaded into memory and the data is made available for all subroutines to use. A summary 
program flowchart in Figure 1 outlines the operation of the ISSPO Tool. 













Figure 1 ISSPO Tool Flowchart Diagram 
The development and design of the ISSPO program is keyed toward a simple, 
minimal design. To save time in execution of multiple runs, all the program input 
variables are preloaded into a case data file with the MatLAB \m' file extension. This 
allows the file to be evaluated as a program and it loads all the relevant case data. When 
ISSPO is executed from MatLAB, a brief introduction to the program is displayed and 
the user is asked to enter the name of the data file that contains the design information for 
that case. A logic check for the file is made and continues the program. If the file 
doesn't exist, an error message is printed to the user and the program ends. Assuming the 
file exists and is set up correctly, the ISSPO program creates a case directory in a 
working directory folder. From there a program directory file folder is made and copies 
of the main program files are copied into the working director)' folder. The main 
program then runs a planetary database program to obtain reference data values for the 
intended mission location; such as bulk parameters, orbital properties, and atmospheric 
data. Specific modules are executed for each sensor type depending on the required 
mission data. 
B. Input File 
The input file is not, in reality, a program executed as part of the ISSPO program. 
Instead it is intended to serve as a file to load the basic requirements of the sensor system 
design into the main program. The main benefit here is to quickly load all of the program 
inputs from a single file, saving the user from having to enter the data from scratch each 
time the program is executed. Each time a design change is made, only the variable has 
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to be updated in the input file. A default set of case inputs and required input data is 
included in the CaseData MatLAB file. 
C. Constants 
The constants subroutine is as straightforward as it sounds. Constant data values 
or conversion factors for different units are stored within two different data sets. These 
sets correspond to the chosen unit system. Data values and labels are stored for use by 
the various programs invoked from the main ISSPO program. All of the constants' data 
properties are written to a MatLAB '.mat' binary data file and loaded into memory after 
the program is executed. 
D. Data Type Verifier 
The Data Type Verifier program is a simple subroutine used to verify inputs. The 
type of sensor data to be collected by the mission is stored within a cell data array in the 
input file program. The Input File sensor data array is compared to a list of allowed data 
types in the ISSPO Program. This verifies the data entered for any misspellings or 
unknown data types. If the program finds a data type that is not within the program's 
database, it prints out the unknown data type to screen, prints an error message, and 
terminates the program. Additional logic checks are performed on the input file for the 
different input sensor for any required additional information needed to select the final 
sensor. Required information varies with each sensor type and is discussed in each 
section. 
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E. Planetary Database 
The primary purpose of this module is to provide data to the main ISSPO program 
on the planetary environment that the mission would encounter. Planetary data is crucial 
in the decision process of sensors for the mission. A database of all the planetary values 
is generated based on the object relevant parameters, and is stored in a data file loaded by 
the main ISSPO program to be used in selection of the sensor components. Intended as a 
planetary object database to determine the environment for a mission, the database 
provides enough information on planetary bodies that it can be of use to any interested 
researcher. To aide the common user, the program is sufficiently developed to be used as 
a component in the ISSPO program or serve as a stand-alone model with its own 
interactive command structure. From within ISSPO, the planetary database program is 
called to load the parameters into the main program. 
The program consists of a database of planetary bulk parameters (e.g., mass, 
volume, radius, gravity), orbital parameters (e.g., period, velocity, orbital inclination) and 
atmospheric properties. Composition of the atmosphere includes major components by 
percent and trace element composition by particle concentration. These parameters are 
used to aid further along in the design process in selecting other components. 
The planetary database currently contains the full set of properties of 27 celestial 
objects including the sun, the eight major planets, the moon, the recently reclassified 
minor planet Pluto, and the eight largest moons of Jupiter and Saturn. A sparse set of 
data is currently available from NASA's Planetary Database for Jupiter's and Saturn's 
moons. With increased interest in these moons, the currently available data for these 
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objects is included in the database with temporary placeholder values for the unknown 
properties. The data for these bodies is taken only from NASA's Planetary Database [3] 
to represent a consistent planetary dataset. Planetary values are available from many 
sources online and in print; however, there are differences in the data that vary from 
source to source based on the measurements. Additional objects can be added to the 
database by simply including the additional parameters, no significant program 
modification is needed to handle the larger data array. Two versions of the database 
values exist within the planetary database program, one containing SI metric units, the 
other British Imperial units. With the planned upcoming missions to the asteroid belt and 
the outer planets, object data for the Saturn and Jovian moons can be added to the 
database. All of the data for the body is not needed to update the database. Placeholder 
values can be entered into the array based on analytical relationships or estimates until 
verified data values can be obtained. 
While the main planetary data is stored in one database, the atmospheric 
properties are split into two different data arrays each using a different data structure. 
The first consists of the major atmospheric components and is stored in pairs of column 
elements. For each added element, two columns of data are needed to be accurately read 
into the program. The first location is a string value containing the element of the 
atmosphere (e.g., N, O, C02) and the second is the numerical percent composition of the 
planet's atmosphere (e.g., Earth 'N2' 78.084). Data values for the atmospheric 
compositions are determined from NASA's Planetary Database and represent average 
values in the atmosphere. Certain planets exhibit large variations in the concentration of 
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compounds in the atmosphere over the course of the year, thus average values are used in 
the database. Additionally small portions of the atmosphere are comprised of trace 
elements or due to the uncertainty in the primary composition the total composition of the 
atmosphere may not equal 100 percent. 
For each planet, there are additional trace elements present in the atmosphere, but 
not in sufficient amounts to be measured as a primary component in the atmosphere. 
Trace components are stored in a secondary data array using a trinary column format. 
Each trace component requires three columnar elements to describe its composition. The 
first column is allotted to a data string containing the name of the gas, the same as the 
major atmospheric component array. The second and third columns hold the number of 
particles and the concentration, respectively. For example, on Earth the primary trace gas 
is displayed as 'Ar' for argon in the first column, 9340 in the second column, and 'ppm' 
in the third indicating the concentration of argon gas in Earth's atmosphere to be 9340 
parts per million. Concentration amounts for the trace elements for this example are 
expressed as a function of the number of particles in the atmosphere, but can also as 
easily be expressed as a number per unit volume of the atmosphere (e.g., ppccm - parts 
per cubic centimeter). The Planetary Database program does not actually place any 
restriction on the concentration unit type in the array. This allows for future corrections 
to the database to update the concentrations, or if the concentration is updated, to reflect a 
different unit basis. 
For any of the atmospheric elements, either major or trace, the component is 
shown via its chemical formula, but could be rearranged to display the component's 
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chemical or common name. This was merely done to save space in the database for 
storage, and to simplify the program output when displaying the components. Although 
no fixed database size is allocated for the atmospheric properties, an additional column 
space has been added to the major and trace gas arrays to allow for the addition of newly 
determined atmospheric components and also serves as a limit in the program when 
displaying data to the screen or writing the results to a summary file to be loaded later in 
the main ISSPO program. 
F. Sensor Databases 
The following sections detail the sensor types contained in the ISSPO Tool. Each 
database was developed in a similar manner. Inputs from the main ISSPO program are 
loaded into each sensor database file along with any requirements the sensor must be able 
to meet, based on the planet the mission is going to. Data arrays contain the sensor 
properties in a two-dimensional array format. Sensors are listed in row format, with each 
column designated to a property. The number of data arrays in each sensor database 
varies based on the number of available properties for each sensor type. The data arrays 
contain both numerical values and textual properties, such as power requirements of 
alternating or direct current, or comments on the use of the sensor in certain 
environments or other restrictions. The final selected sensor properties are recorded to a 
MatLAB '.mat' data file and saved for use by the main ISSPO program. 
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1. AC (Magnetic) Field 
The ACFIELD SENSORS program loads information on magnetic field sensors 
used to map an object's magnetic field. The magnetic fields on several planets are 
understood, but others are too small to maintain a magnetic field. The strength of the 
field helps to answer questions about the nature of the planet's history and if it were ever 
able to support life. A planet's magnetic field helps to protect the surface from the sun's 
harmful radiation and can absorb and block high energy cosmic radiation. By mapping 
the object's magnetic field, the levels of surface radiation can be determined. Missions to 
the Asteroid Belt, smaller moons, and comets reveal important information about the 
nature of the object's core. Additionally, the shape of the field around small objects 
needs to be understood to safely land small probes and how the probe will react to the 
object's field. 
Magnetic field sensor data [4, 5, 6] is recorded into several data arrays. Properties 
that have common units in both unit systems are recorded into a single data array using 
rows for each sensor, and columns for each separate property. Sensor properties that 
depend on the chosen unit system are loaded into separate data arrays and concatenated 
onto the common property arrays. A final array containing comments on each sensor 
adds any relevant data about the sensor into the database, which can be searched for 
specific keywords to aid in the selection process for a compatible sensor. A planet's 
magnetic field strength is tracked in the PLANETARYDATABASE program and the 
existence or strength of the field is input to the magnetic field sensor program, along with 
planetary atmospheric properties that aid in the selection of a sensor based on the 
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environment the sensor is subject to. The properties shown in Table 1 are recorded for 
each sensor and stored within the database. 
Table 1 AC (Magnetic) Field Sensor Data recorded in ISSPO Tool. 
AC Field Sensor Database Properties 
Common Sensor Properties 
Sensor Type 
Low Magnetic Field Limit 
Operational Frequency Range 
Sampling Time Interval 
Number of Axis 




Unit System Specific Properties 
Sensor Operational Temperature Range 







The ACCELEROMETERSENSORS program loads database properties for 
acceleration sensors into the ISSPO Program. Accelerometers are used to map 
atmospheric profiles during planetary entry. Acceleration profile data can be used to 
determine the mass of the science mission object. There is a wide variety of available 
accelerometers for a number of uses. Accelerometer data is also a key parameter used to 
determine sequence timings during planetary entry. Events during planetary entry are 
triggered by accelerometer data, such as parachute deployment, and retro rocket firings to 
slow landers to safely arrive on the surface. Often multiple sensors are used at different 
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locations to obtain differential accelerations on the spacecraft to keep it stable, and act as 
redundant systems to offset any erroneous data recorded by a single accelerometer, when 
used as event triggers. Sensors [ 7, 8 ] are available with a wide range of performance, 
from high acceleration limits at low fidelity to small acceleration limits at high fidelity. 
Common properties for each sensor are recorded into a single data and appended to by 
data from a secondary data array holding values specific to the chosen unit system. Many 
of the available sensors can be ordered to meet several different acceleration ratings with 
different sensitivity. For these sensors the highest available rating was input into the 
database with a comment in the data that it is available at other calibrations. The 
different calibrations for a single sensor don't affect the dimensions or mass of the 
sensor. 
The selection of an accelerometer is guided in part by the nature of the mission's 
objectives. Mission with low acceleration tolerances will usually require a high 
sensitivity. In contrast missions requiring high accelerations, a lower sensitivity is 
available. A required input to the ISSPO program when acceleration data is required is 
the type of accelerometer data required, whether for a mission with soft accelerations, 
high accelerations or extreme acceleration profiles like NASA's Deep Impact. The 
mission profile type is entered into the second column of the sensor data variable as 
'SOFT', 'MEDIUM', 'HIGH', 'IMPACT', or 'BALLISTIC in the input file. Data on 
the power supply type to the unit is entered into the third column. A summary of the 
recorded values in the database is shown in Table 2. Proper input file format for 
acceleration sensors is shown in Table 3. 
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Table 2 Accelerometer Sensor Data recorded in ISSPO Tool. 
Accelerometer Database Properties 











Electrical Signal Noise 
Unit System Specific Properties 
Sensor Temperature Range Sensor Weight 
Sensor Dimensions 
Temperature Sensitivity Correction 













3. Acoustic Sensors 
The ACOUSTICSENSORS program loads acoustic sensor data into the ISSPO 
program. Acoustic sensors [9, 10] have several different functions and can monitor 
several different aspects of the mission. A microphone-based acoustic sensor can be used 
to listen to the sounds of the mission location. They are also useful for monitoring 
vibration on components onboard the vehicle. Moving parts on the vehicle can send 
information in their vibration and be used to send back information on the health of the 
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part. Flow detection-type acoustic sensors can be used to monitor blockages in pipes in 
soil or air sampling. An acoustic sensor can also be used to measure particle velocity and 
sound pressure in three orthogonal directions. Recorded database properties for the 
acoustic sensors are shown in Table 4. 
Table 4 Acoustic Sensor Data recorded in 1SSPO Tool. 
Acoustic Sensor Database Properties 











Unit System Specific Properties 
Operational Temperature Range 





Due to the wide array of different uses and configurations for acoustic sensors, 
there is a smaller amount of consistent property data amongst different models. Since 
acoustic sensors are capable of operating in different modes additional input is required 
to determine the specific use of the sensor in that case. The type of operation is entered 
into the input file in the second column position as either, 'SENSOR', 'ARRAY', or 
'VELOCITY'. A sample of the input file format is shown in Table 5. 








4. Density Sensors 
The DENSITY SENSORS program loads and selects the correct density sensor 
needed to survive the environment. This module is called when the atmospheric data 
suite option is chosen from the sensor data array. Inputs to this program are the chosen 
unit system and the planetary bodies' surface atmospheric density. Using a general 
definition from Wikepedia [11], the densitometer is basically a light source aimed at a 
photoelectric cell, which determines the density of the sample from differences in the 
readings. Understanding of the atmospheric profile provides valuable data into seasonal 
fluctuations in the atmospheric properties. By understanding the seasonal fluctuations, 
future missions can predict how the atmospheric profile will affect the trajectory of an 
entry probe or lander system. 
There are a variety of units with different applications [12], material, features, 
construction, and other specifications. Recorded data values for the sensors are specific 
to the chosen unit system and loaded upon program execution. Comments included with 
the data array provide additional information on the use and applications of the 
densitometer. Due to larger sizes, density sensors can tend to be heavy and consume a 
higher portion of a mission's science equipment budget. As an alternate solution, given 
the object's atmospheric composition, atmospheric density can be determined from other 
known planetary properties via the Ideal Gas Equation in Equation 1. 
P = — (1) 
RT 
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Planetary Atmospheric properties are assigned in the PLANETARYDATA-
BASE subroutine. A logic check within the program determines if an atmosphere exists, 
and will calculate an approximate density based on the Ideal Gas Equation and override a 
zero input value for the atmospheric density, if it is unknown. The database contains gas 
constants for different gasses, and the value used is based on the gas constant for the 
primary constituent in the atmosphere. This incorporates an element of error into the 
planetary atmosphere density calculation that varies based on the number of known 
constituents in the atmosphere. The planetary atmospheric density value is fed into the 
density sensor program to determine a sensor capable of operating in the atmosphere. 
Database properties for the density sensors are shown in Table 6. 
Table 6 Density Sensor Data recorded in 1SSPO Tool. 
Density Sensor Database Properties 















In development of mission plane for the outer planets, there is a fair amount of 
uncertainty of the exact nature of the planetary surface material, whether the vehicle will 
land on solid ground, a frozen slush, or a vast ocean of liquid. To aid the ISSPO Tool in 
selection of a sensor suited to the particular application, knowledge of the operating 
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environment is required. Sensors are chosen based on sampling gas density, i.e., during 
atmospheric entry, or liquid, if the sensor is to take samples on the ground. By default 
the density sensor module is called as part of the "ATMOSPHERIC" sensor package 
suite. To modify the type of sensor selected for a particular application, the ISSPO tool 
needs to know which sensor package to associate the modification with. To modify 
density sensors, enter the term "DENSITY" into any column following the 
ATMOSPHERIC sensor package call. In the following column, enter the type of density 
sensor required, either "GAS," or "LIQUID." The program will err off if it detects the 
"DENSITY" modifier flag in the input variable array without a sensing medium type. If 
the "DENSITY" flag is not entered into the ATMOSPHERIC sensor package call, the 
program defaults to "GAS" sensing type and continues the program. A sample input 
format for a density sensor is shown in Table 7. 











5. GCMS Sensors 
The GCMSSENSORS program loads Gas Chromatograph Mass Spectrometer 
(GCMS) sensor data into the ISSPO program. These units are typically a combination of 
two different sensor components: Gas Chromatograph and Mass Spectrometers. These 
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two components work together to perform similar tasks but operate via different methods. 
Both components determine the chemical makeup of a gas or solid sample by breaking up 
the samples into its smallest components and determining the amounts of the different 
chemicals to known test samples. These units are calibrated periodically to verify that 
consistent results are obtained. By analyzing the output of these devices the composition 
of the original sample can be precisely determined. In Gas Chromatography [13], an 
unknown gas sample is carried into a sampling chamber along with an inert carrier gas 
and heated. As the gas is heated the different components begin to ionize into its 
simplest elements. The ionized particles are tracked as they leave the sampling chamber 
and recorded for the amount of time within the oven and their exit temperature as these 







Carrier gas Column oven 
Figure 2 Gas Chromatograph Reference Diagram [13| 
Reprinted from http://en.wikipedia.org/wiki/Gas_chromatography 
In Mass Spectrometry [14], the object under analysis is often a solid sample 
instead of a gas. Here an ion source is used to bombard the surface of the sample and 
ionizes the sample. The beam of the resultant out-gassed particles is then sent through a 
magnetic field to deflect the particle stream. A detector at the far end measures the 
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amount of the beam deflection and correlates the amount of deflection with a specific 
element. Lighter elements experience a greater amount of deflection in the magnetic 
field. A charge to mass ratio is then determined by the detector and plotted to show the 
intensity on the detector over different charge to mass ratios. An operational diagram of 









Figure 3 Mass Spectrometer Reference Diagram |14) 
Reprinted from http://en.wikipedia.org/wiki/Mass_spectrometry 
Intensity signal spikes indicate the presence of different chemical elements. For 
each known compound a unique series of peaks is generated. The intensity data is 
recorded and transmitted back to scientists in a laboratory that compare the data to known 
compounds to determine the sample's original components and concentration. Use of 
these two sensors in combination allow for the determination of both atmospheric and 
ground samples. 
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The use of a GCMS sensor system in space missions is still fairly limited, so the 
reliability of space rated units is fairly limited. A unit's volume, mass, and power are all 
at premiums on any space mission, so efforts are made to reduce these parameters when 
selecting components. These types of units are often mission specifically built to meet 
mission's requirements. A large number of different models exist, but are primarily used 
in laboratory setups, and thus not as restricted by mass, volume and power requirements. 
The data for these sensors [15, 16] stored in the ISSPO database records some of the key 
selections parameters for a viable unit and records additional information on the 
performance capabilities of the sensors in the comments section. 
Two different operational types exist for these devices. The select the correct 
operational type within the ISSPO program additional information is required in the case 
input file. Their operation and specifications are tied the manner under which they report 
the results of the analysis. One type displays the wavelengths and intensity of the of the 
spectral emission band by filtering the samples gasses. By observing the wavelength and 
intensity of the samples spectral peaks, the exact chemical composition of the unknown 
sample can be determined by comparing the results against known gas samples. The 
other type uses a charge to mass ratio to determine the samples composition. To select 
the different types of sensor to use enter "WAVELENGTH," or "MASS-CHARGE" in 
the 2" column position in the case input file. A sample of the input format is shown in 
Table 8. If the mass charge option is used, an additional range value of "LOW", 
"MEDIUM", or "HIGH" is required in the third column position in the input file. 
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The chemical composition of the planetary atmosphere is loaded via the 
PLANETARYDATABASE program and input to the GCMS_SENSOR program. Each 
component of the atmosphere emits absorption spectrum lines at distinct wavelengths. 
The strong signal peaks for each component of the atmosphere are loaded into a data 
array and used to determine the minimum and maximum wavelengths for the components 
in the atmosphere. These values are then used to select a sensor whose operational 
spectral range covers all the components in the atmosphere. Units based on detection of 
wavelength spectral peaks allow for the detection of complex molecules beyond simple 
elements, and offer the ability to determine the presence of tholins or organic components 
within a planetary atmosphere. Recorded database parameters are shown in Table 9. 
Table 9 GCMS - Wavelength Sensor Data recorded in ISSPO Tool. 
GCMS Sensor Database Properties 












Selection of the "MASS-CHARGE" option loads sensor properties from a 
different database and contain different properties. A separate set of selection criteria is 
used to determine the correct sensor. Use of mass charge based analyzers are best suited 
towards missions monitoring basic atmospheric elements, and are less well suited to 
analyze the high molecular weight of organic compounds in a planetary atmosphere. 
Database properties for these configurations are shown in Table 10. 
Table 10 GCMS - Mass-Charge Sensor Data recorded in ISSPO Tool. 
GCMS Sensor Database Properties 
Unit System Specific Properties 
Sensor Type 
Mass Filter Material 
Dynamic Scan Range 
Sensitivity 

















Mass Stability - Time 
Voltage Type 
Data Rate 
Power Requirements - Min/Max/Mean 
6. Humidity Sensors 
The HUMIDITYSENSORS program loads humidity sensor data into the ISSPO 
program. This module is called when the atmospheric data suite option is chosen from 
the sensor data array. Humidity sensors [17] track the amount of water vapor in the 
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planets atmosphere. Several of the other sensor types have constraints on the relative 
humidity that they will operate in. For most of the known objects in our solar system, the 
relative humidity of the atmosphere is a minor concern as only Earth has high water 
vapor content in the atmosphere. Since many planetary objects do not contain water 
vapor in any great quantity, inclusion of this sensor may not be required to obtain a better 
model of the planet's atmospheric properties. However, humidity sensors are small and 
lightweight, so it would not use much of the mission's mass, volume, and power budget 
to include a sensor in the design package. For planetary objects that do not contain any 
known amounts of water vapor in the atmosphere, the inclusion of humidity sensors is 
not required and the sensor design is overridden to zero values. Humidity sensor data 
arrays are created based on the chosen unit system, and the recorded properties are shown 
in Table 11. 
Table 11 Humidity Sensor Data recorded in ISSPO Tool. 
Humidity Sensor Database Properties 











7. Inclinometer Sensors 
The INCLINOMETERSENSORS program loads inclinometer sensor data into 
the ISSPO program. This sensor allows for the determination of tilt angles from the 
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vertical or horizontal plane. Tilt sensors can provide valuable information about 
planetary surface terrain and orientation to lander or rover systems. Rovers need 
information about the local terrain conditions to determine if it is able to maneuver 
around steep grade terrains. Use of tilt sensors can provide local terrain information and 
determine if the rover has sufficient power to climb out of craters or on steep slopes 
traversing over hilly terrain. Sensors selection is driven in part by the application and the 
expected operational range the sensor is expected to encounter. Selection of a sensor for 
an entry probe would differ from that for a lander vehicle. During planetary entry the 
probe can tumble through high angles or orientations, whereas a lander vehicle will travel 
over fairly level terrain and is not required to be able to tilt to large angles. 
The sensor data recorded [18, 19, 20] comes form many industrial use tilt sensors. 
There are a wide variety of configurations available with multiple options. Additional 
features and unit specifications are included in the database. Units are available with 
multi axis detection abilities, various voltage requirements, and computer data interfaces. 
Desired sensor ranges for the chosen sensor mission are entered as an additional input 
into the second column of the sensor data array in the input file as either "LOW," 
"MEDIUM," or "HIGH." Inclinometer sensor data arrays are created based on the 
chosen unit system, and the recorded properties are shown in Table 12. A sample of the 
input file format for inclinometers is shown in Table 13. 
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Table 12 Inclinometer Sensor Data recorded in ISSPO Tool. 
Inclinometer Sensor Database Properties 
Unit System Specific Properties 
Sensor Type 



















8. Nephelometer Sensor 
The NEPHELOMETERSENSORS program loads nephelometer sensor data into 
the ISSPO program. This sensor allows for the measurement of suspended particles in a 
gas. These make it possible to obtain atmospheric data such as visibility and particle size 
in the atmosphere. There are few commercially available nephelometers [21, 22]. Most 
space missions that would require one onboard are likely to be custom designed for that 
particular mission. Size and power requirements of commercially available 
nephelometers make them impractical for use in space exploration missions. Smaller, 
more power efficient sensors are producible, but are usually custom designed on an 'as 
needed' basis. 
27 
The sensor models included in the database are based on an integrating 
nephelometer design as shown in the simplified operating schematic in Figure 4. A 
sample chamber is filled with an atmospheric sample and analyzed over a time period 
while the particles in the chamber are counted. At the end of the integration cycle, the 
sample is expelled out of the chamber and is ready to begin again. While the sample is 
being recorded, light is used to illuminate the sample while a series of filters determines 
the amount of light blocked by the sample. Certain models can offer the advantage of 
additional atmospheric sensor data recorded during the sample. The units include 
pressure, temperature, and humidity sensors within the test chamber. However, these 
units incorporate a complex design and contain many moving parts that increase risk 
involved with its operation due to failure or clog. The design incorporates inlet and exit 
valves and an internal fan to maintain the particles suspended in the air. Additionally, the 
built-in pressure, temperature, humidity sensors have reduced operational ranges to those 
of individual sensors. The possibility exists to upgrade these internal sensors and re-




Outlet Sample Inlet 
Light Source 
Trap 
Figure 4. Simplified Nephelometer Reference Diagram 
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Due to the large mass, volume and power requirements of nephelometer sensors, 
several other design considerations must be taken into account. During the design phase, 
it must be determined whether there is enough budget in the design to accommodate this 
sensor package. For smaller spacecraft, the mission planners may have to consider the 
workload time for this sensor, as the electrical power system may not be able to power all 
the components all the time. Several other sensors may have to be shutdown for a period 
of time to divert enough power to the nephelometer for it to function. 
Commercially available nephelometers are designed as stand-alone units, with an 
integrated power supply unit. These units can be removed to reduce the sensors weight 
volume, and power requirements. The unit can then be directly connected to the 
spacecraft's power distribution system. Nephelometer sensor properties tracked in the 
database are shown in Table 14. 
Table 14 Nephelometer Sensor Data recorded in ISSPO Tool. 




















Power Supply Dimensions 
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9. Optic Sensors 
The IMAGINGSENSORS program loads and selects the correct optical imaging 
sensor data into the main ISSPO program. Optical imaging cameras are a staple 
component of nearly all planetary missions. The ability to record images from another 
planet and relay back data has truly given us insight to what occurs on other worlds. 
Imagers have become so crucial, that often multiple sensors are used to take a variety of 
different image formats. Optical imagers are not only used to relay images back to earth 
but also to "see" obstacles in its path and be able to determine how to maneuver around 
objects by analyzing the image data. Optical imagers can provide a wealth of 
information beyond the visible image. Given a reference object length in an image, the 
size of geographic formations can be determined. Observing geologic formations can 
provide insight into the past history of the planet and indicate how the planet environment 
is changing over time. Recording variations in terrain over seasonal periods provide 
additional valuable information on environmental cycles on a planet. 
Imaging sensor units have a wide variety of capabilities and operating ranges. 
Use of different lens types allow for wide field images, panoramic, fish eye, 
magnification, etc. Commonly used imagers feature a black and white format, but the 
operating range can be extended to other regions of the spectrum via the use of color 
filters to record images in each color spectrum later be combined to create a single false 
color image. Use of additional filters can extend the imagers range to include the 
ultraviolet, infrared and x-ray regions of the electromagnetic spectrum. These extended 
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capabilities make use to imaging systems a highly valued component for many planetary 
missions. 
Selection of optical system components can also have profound effects on the 
design of the overall system. Digital imaging systems typically use either a CCD or a 
CMOS sensor to detect an image. Recently imaging sensor array sizes have grown 
significantly and deliver several mega pixel image resolution. A tradeoff here is made 
between the camera resolution size and the data relay system used on the spacecraft. For 
a fixed rate data communications system, the designer can choose a high resolution 
camera that will fill up the available data bandwidth quickly, with a limited number of 
images. Alternatively, a low resolution array will only be able to image a small area at a 
time however; the system would be able to handle the bandwidth of all the small images. 
A similar situation arises in sizing on board memory for the mission, to store a number of 
high resolution images requires a large amount of memory, which must be factored into 
the system design and will use up portions of the spacecraft's mass, volume and power 
budget. Each of these factors must be taken into account in the overall system design. 
A common practice in including imagers in mission payloads is the use of 
multiple imagers, with several different types. On board the Mars Exploration Rovers, is 
a suite of optical imaging camera types [23] that aide in the collection of science data and 
help maneuver the rovers around obstacles. Five different imaging camera systems are 
used for a variety of purposes. The PANCAM array consists of two panoramic cameras 
situated atop the mast and is capable of recording 360 degree azimuth and +/- 90 degree 
elevation range. A pair of NAVCAMS sits atop the mast next to the PAMCAM and 
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provides a wide field of view to aid in driving the rovers. A micro-imager camera is 
mounted at the tip of the extendible arm and allows for close up images to be taken of the 
geology and terrain surrounding the rover. Hazard cameras are mounted on the front and 
rear of the rover under the solar panels with a view looking at the front and rear wheels. 
These lenses aid in steering the rovers around small obstacles near the wheels. A 
SUNCAM CCD array is used to provide an accurate orientation measurement of the 
rover's position on Mars relative to Earth to indicate the direction to aim the high gain 
antennae to obtain the best signal to Earth. Most of these cameras are custom built units 
that were required to operate in a harsh environment. Several sensors on the exterior 
surface are comprised solely of a CCD imaging array and a optical lens to resolve the 
image. Each of these sensors provides additional functions to the rover and was selected 
carefully to meet the requirements of its function. 
Selection of the appropriate CCD array to capture the image is only a part of 
sensor. The array must be coupled to an appropriate camera lens to obtain the proper 
image type. Data on sensors [ 24, 25, 26] entered into the ISSPO database is based on a 
CCD array, or complete system with array and camera lens. Selection of the optical 
sensor option in the input file requires three additional columns of input in the same 
sensor row. The second column represents the type of system desired, and is entered 
either as "CAMERA," or "ARRAY," or "LINEAR." The third column corresponds to 
the desired resolution of the sensor as either "LOW," "MEDIUM," or "HIGH." 
Additionally required by the program is the desired type of image to be taken. There are 
many different types of image range available that extend beyond the visual spectrum. 
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Additional input in the fourth column is the desired type of image to be returned. Valid 
inputs to the optical sensor program are "X-RAY," "VISUAL," "UV," "NIR," and 
"MICRO." These terms correspond to the x-ray, visual, ultraviolet, near-infrared, and 
microscopic images. The desired image type for the optical sensor can allow for multiple 
image type sensor configurations. Enter the required image type into additional columns 
on the optical sensor row within the sensor data variable in the input file to configure the 
correct sensor. Since most of the sensor elements are common between the use of a CCD 
array and a complete camera system, a single database exists within the program. Optical 
imaging sensor properties tracked in the database are shown in Table 15. A sample of the 
input format required for the optical sensor program is shown in Table 16. 
Table 15 Optical Imaging Sensor Data recorded in ISSPO Tool. 
Optical Imaging Sensor Database Properties 
Sensor Type 
CCD Array Dimensions 
Image Area 






Optical Range Type 
Pixel Size 
Signal Read Noise 
Gain 




ADC Dynamic Range 
Weight 

















10. Pressure Sensors 
The PRESSURESENSORS program loads and selects the correct pressure 
sensor needed to survive the environment. This module is called when the atmospheric 
data suite option is chosen from the sensor data array. Inputs to this program are the 
chosen unit system and the planetary body's surface pressure. There exists a myriad of 
pressure sensors with different calibrations, functions and measurement types [27, 28, 29, 
30, 31]. The selection of hardware is highly driven by the application. Pressure sensors 
can operate in several different types - vacuum, gage, or differential. They can be used 
to monitor atmospheric pressure or used as a trigger switch to activate a system once a 
pressure limit is reached. Several other driving factors in the selection of components 
include the operational and storage temperatures, maintenance of any moving parts or 
routine oiling, and analog or digital signal outputs. Operational properties for the 
pressure sensor database are compiled from several different suppliers and incorporate a 
spectrum of different sensor technologies. 
Sensors are chosen to represent a wide variety of configurations, instead of all 
calibrations of a single sensor range to generate a broad database. Data arrays are 
generated for each unit system and include a comment array containing additional 
information on use, limitations, maintenance, etc. for each sensor. Several pressure 
sensors have multi-function capability with built in temperature sensors used in special 
applications. Models with this capability include the thermocouple temperature limits in 
the database. Operational performance range for the optimal pressure sensor is based on 
the known planetary surface pressure defined within the planetary database program. 
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Additional information on the planetary environment is used to reduce the number of 
sensors available in the database to those meeting the environmental specifications. 
Recorded data properties for each type of pressure sensor are shown in Table 17. 
Table 17 Pressure Sensor Data recorded in 1SSPO Tool. 
Pressure Sensor Database Properties 
Sensor Type 
Stability 
Burst Pressure Rating 
Number of Life Cycles 
Shock Limits 
Operating Frequency Range 
Operating Temperature 
Voltage Requirements 
Sensor Material Construction 
Accuracy 









11. Radiation Sensors 
The RADIATION_SENSORS program loads and selects the correct radiation 
sensor into the main ISSPO program. This module is called when information on the 
planets radiation exposure is desired. Radiation effects pose several significant hazards 
to science missions; first and foremost, it's deleterious effect on biological organisms, 
and second, its effects on science hardware. Large portions of the suns incident 
radiations is absorbed and blocked by the earth's magnetic field and ozone layer. This 
effect protects us from the sun's output of radiation. On other planets without a planetary 
magnetic field the surface environment is subject to the full effect of the suns radiation 
and any incident cosmic radiation. Certain types of radiation can be effectively blocked 
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by various mediums. Mapping of a planets radiation exposure will help determine 
methods to safely and effectively block harmful radiation, and allow for safe human 
exploration. Radiation has also negative affect flight hardware. Stray high energy 
particles can interfere with electronic systems on spacecraft, and without control to 
handle these cases, can render the equipment unusable. During the Gravity Probe B 
science experiment to prove Einstein's theory of curved space-time, [32] radiation events 
caused by high energy photons from solar coronal ejections interfered with the delicate 
electronics onboard the satellite. This resulted in computer "safemode" holds to the 
mission timeline, to clear out any errors in the flight computer. Safely handling radiation 
events, and understanding the occurrence of radiation events can allow for expanded 
science opportunities. 
Radiation sensors [33, 34, 35, 36, 37, 38, 39, 40] operate over several different 
ranges and feature the ability to track different event types. Detectors can track and 
record single high energy protons and electrons, as well as larger alpha and beta particle 
radiation forms. Sensors also detect high energy photons existing as gamma and x-ray 
radiation which is lethal to humans in high doses, or over prolonged periods of exposure. 
A preliminary knowledge of the expected forms of radiation that will be encountered is 
required to determine the correct type of detector required for the mission. Radiation 
sensors can be selected by specific types or general detectors can be used to measure the 
energy levels of the different particles and the type of particle can be determined later. 
Selection of the radiation sensor option within the sensor data variable array requires 
additional program inputs. The different radiation types are entered into the second 
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column location of the radiation sensor row. Allowable types include "Charged Particle," 
"Alpha," "Beta," "Gamma," and "X-Ray." Multiple types of radiation can be entered 
into the sensor array with each additional radiation type being entered into the next 
column location. A sample input file format for radiation sensors in shown in Table 18. 
Recorded data properties in the radiation sensor program for each type of sensor are 
shown in Table 19. 









Table 19 Radiation Sensor Data recorded in 1SSPO Tool. 
Radiation Sensor Database Properties 
Sensor Type 
Proton Energy Range 
Electron Energy Range 
Alpha Particle Energy Range 
Beta Particle Energy Range 
Gamma Particle Energy Range 
X-Ray Energy Range 
Particle Count Rate 
Weight 
Number of Proton Detectors 
Number of Electron Detectors 
Number of Alpha Particle Detectors 
Number of Beta Particle Detectors 
Number of Gamma Particle Detectors 





12. Refraction Sensors 
The REFRACTTIONSENSORS program loads and selects the correct refraction 
sensor into the main ISSPO program. This module is called when information on the 
nature of a planetary body's sample refractive index is being determined. Refractometers 
measure the optical refraction properties of a sample and can determine an unknown 
samples composition, the purity of a sample, or the concentration of different substances. 
Samples can be either liquids or gasses. Selection of the sensor will depend on the nature 
of the data to be returned and known information about the location where the sensor will 
be operating. 
Refractometers operate through the use of a light source and a prism. Prisms can 
be made of a number of optically pure materials. Photodetectors within the sensor record 
a "sensed" light level. Given the known refractive properties of the prism the 
composition of the original sample material can be determined, from the observed optical 
properties. The refractive index measured, is a measure of angle of light deflection as it 
passes through the prism, and the detectors register the transition between the dark / light 
line. 
Selection of refractometer sensors is based on the environmental conditions the 
sensor must be able to survive during the operation mission phase. Database [41, 42] 
elements consist of industrial sensors and flight models representing commercially 
available optical designs used to determine concentration or purity, of gasses, liquids, or 
trans-lucent solids. Database properties tracked in the sensor module are shown in Table 
20. 
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Table 20 Refraction Sensor Data recorded in ISSPO Tool. 












13. Temperature Sensors 
The TEMPSENSORS program loads and selects the correct temperature sensor 
needed to survive the environment. This module is called when the atmospheric data 
suite option is chosen from the sensor data array. Inputs to this program are the chosen 
unit system, the planetary body's surface temperature, and the detection type. 
Temperature sensors operate primarily over two different methods, either a voltage 
change or a resistance measurement over the operational temperature range. The 
operational sensor type is fed to the TEMPSENSORS program. Inputs for the sensor 
type are "VOLTAGE" or "RESISTANCE". The ISSPO program defaults to use 
"VOLTAGE" if the temperature term and a sensor type are not found in the 
SENSORDATA variable in the same row as the atmosphere option. A sample input for 
the temperature sensor option is shown in Table 21. 
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Standardized sets of temperature sensors exist for most applications. Thermal 
performance values for different sensor types are consistent amongst different vendors, 
with minor variations in values at the extreme thermal limits. Performance specifications 
for thermocouples are regulated by several national standard organizations and, while 
small differences are observed in data between suppliers, the performance of each type of 
thermal sensor is assumed to be consistent. The temperature sensor database for voltage 
based thermocouples, consists of currently available calibrations from Omega sensors 
[43], and contains a wide variety of data on each thermocouple type that can be used to 
determine the appropriate temperature sensor. Combinations of Thermocouple material 
and Insulation material must be chosen to survive the planet's surface temperature and 
the effects of the atmosphere. Selection of thermal sensors is based on the operational 
range of each type and the chosen planetary body's known surface temperature. 
Additional information on the sensor entered in the comments section provides additional 
selection criteria for sensor based on popular calibration ranges or calibration for 
cryogenic temperature ranges. Insulation material for the thermocouple wires is given a 
rating for its resistance to different environmental factors. An aggregate score is 
determined for each material and used to determine the appropriate insulation material. 
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Resistance type thermocouple sensors [44. 45, 46] track the same thermocouple 
properties, however, they are bare wire elements and do not use insulating material on the 
sensor leads. Sensor properties recorded in the database are shown in Table 22. 
Table 22 Temperature Sensor Data recorded in ISSPO Tool. 
Temperature Sensor Database Properties 
Thermocouple Properties 
Sensor Type 
Hot Temperature Limit 
Error Tolerance Temperature (deg) 
Negative Lead Material 





Resistance to Solvents 
Resistance to Bases 
Resistance to Humidity 
Cold Temperature Limit 
Error Tolerance Percent (%) 
Positive Lead Material 






Resistance to Acids 
Resistance to Flame 
Material Construction: Overall 
Material Construction: Conductors 
14. Wind Velocity 
The WINDVELOCITYSENSORS program loads and selects the correct wind 
velocity sensor needed to record air speed in the object's environment. This module is 
called when the atmospheric data suite option is chosen from the sensor data array. 
Understanding of the atmospheric winds adds a key element to the understanding of the 
nature of the environment on planetary bodies. Atmospheric wind speeds are a key 
parameter in landing and launching probes to other planets. To ensure safe launch 
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conditions, limits are placed on wind speeds to ensure that a launch vehicle can safely 
ascend through the atmosphere without being pushed off course by high winds. Wind 
speed measurements also add key data to understanding seasonal variations on other 
planets. Selection of wind velocity measurement is based on the mission operation. 
Sensors within the ISSPO database will function for two different operating 
regimes. For planetary surface measurements for a lander or rover based mission, an 
anemometer type measurement may present a viable option. For atmospheric wind 
profile mapping during an atmospheric descent, or any fast moving observational 
platform, a Doppler based system would present a better solution. However, this also 
places a mission requirement that some sort of orbital platform is available. Doppler 
based systems communicate between a sensor located on the entry vehicle and one 
attached to an orbiting satellite. A series of frequency pulses between the two 
components can be used to determine the speed of winds between the two elements as the 
signals will be Doppler shifted slightly by the wind movement. The operating type of the 
wind velocity sensor is entered into the SENSORDATA variable in the input file. Valid 
sensor configurations within the ISSPO tool are "ANEMOMETER" or "DOPPLER." If 
the wind velocity term is not defined within any columns in the atmospheric sensor 
option in the input file, ISSPO will default to "ANEMOMETER." A sample input file 
format for wind velocity sensors is shown in Table 23. 
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Recent mission data from the Mars Exploration Rovers (MER), Spirit and 
Opportunity, have shown the influence that the atmosphere can have on the success of the 
mission. Originally slated for 90 days, the two rovers have far surpassed their expected 
operating time. This was due to mission planners accounting for the deposition of dust 
on the rovers' solar panels obscuring the sunlight and reducing the amount of power 
generated. However, seasonal spring winds [47, 48] cleaned some of the dust off the 
panels and allowed additional power to be generated. During Earth's summer of 2007, a 
global dust storm [49] encompassed a large portion of the Martian sky, effectively 
blocking the rovers' ability to collect sunlight and generate electrical power to keep the 
electronics warm and communicate with Earth. Improved understanding of how these 
dust storms evolved will allow future missions to better predict the formation of these 
storms and successfully maintain power in the vehicles. 
Separate database arrays [50, 51] for anemometer type sensors are created for 
each unit system and loaded into the main program via the initial function call. Different 
models of sensors include different recording capabilities for minimum, maximum, and 
average values over a sampling time interval. The sensors also offer different output 
formats via digital or analog signals and offer the ability to transfer data to desktop 
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computers for analysis. Selection of the wind velocity sensor is based on data from the 
planetary database for the desired body. The selection procedure is bypassed and zeroed 
out if the planetary object under analysis is devoid of an atmosphere. Sensor properties 
recorded in the database are shown in Table 24. 
Table 24 Wind Velocity Anemometer Sensor Data recorded in 1SSPO Tool. 
Wind Velocity Sensor Database Properties 
Sensor Type 
Accuracy 




Volumetric Flow Rate Ability 
Instrument Temperature Range 
Weight 
Probe Dimensions 
Doppler based velocity sensors operate under a set of drastically different 
specifications. Properties [52, 53] for these sensors are stored in separate arrays based on 
the chosen unit system. Sensor properties recorded in the database are shown in Table 
25. 
Table 25 Wind Velocity Doppler Sensor Data recorded in 1SSPO Tool. 





Spectral Purity - Harmonics/Non-Harmonics 
Accuracy 
Warm up Time 











15. Digital Signal Processing 
The DIGITALSIGNAL PROCESSING module is executed when the "DATA 
PROCESSING" option is entered in the SENSORDATA array variable in the case input 
file. This device does not constitute a sensor system that records any sort of data. 
Instead its function is to interpret and manipulate telemetry data received from other 
onboard sensors and process the data to determine the next set of actions to be taken. 
This component is crucial when a mission requires for example, altimetry data to 
determine when to execute mission events during a mission timeline. The altimetry data 
must be processed within a very short period of time to determine when events must be 
performed, such as collecting air samples at specific altitudes, or determining when to 
activate other components in the vehicle. 
Digital signal processing devices (DSP) [54, 55] are essentially microprocessor 
computers that are highly specialized to their application. These devices are built with 
special handling capability for data processing and to handle large amounts of processing 
requests from in-flight hardware. Selection of a DSP component requires some 
additional about the nature of the mission and the amount and speed of data it needs to be 
able to process. Specialized versions of DSP's are tuned to perform specific calculation 
types with very fact processing times. The number of components connected to the 
device is also a crucial selection factor as a single input source may not overload the 
processor for speed, but a high number of inputs may overload the sensors processing 
capacity / bandwidth and either bog down the processor to a point where it cannot 
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process the data quickly enough to meet mission time events, or signals may get crossed 
between different computational cycles and possible data corruption could result. 
With information on the nature and amount of data the processor will be receiving 
the selection of correct DSP unit can be performed. Selection of the "DATA 
ANALYSIS" option within the SENSOR DATA variable in the input file requires two 
additional program inputs to aid in sizing the correct sensor. The second column 
positions relates to the desired operational computational speed of the processor. 
Acceptable input values for this column are "LOW," "MEDIUM," and "HIGH." The 
third column position requires a numeric value for the number of devices connected to 
the processor. A sample input for the digital signal processing option is shown in Table 
26. Component properties tracked within the ISSPO database are shown in Table 27. 








Number of devices 
Table 27 Digital Signal Processing Data recorded in ISSPO Tool. 






Storage Temperature Range 
Weight 
Current 




Operating Temperature Range 




G. Error Program 
The ERRORPRG module can be executed from any point within the ISSPO 
Program. It is designed to handle any program errors, which may occur, in a clean 
manner. When an error is encountered within the program, the error program is called 
with an error number. Each error number is unique and corresponds to a single program 
fault source. This format is used to simplify the cause of the error when executing the 
program, instead of simply terminating the program. Error codes are stored as integer 
numbers and correspond to a single action in the error program. 
When an error is recorded anywhere in the program, the error program is executed 
and sent an error code. The error program then prints a message to the MatLAB 
command screen with the error number that occurred, a description of the error or 
possible cause, and a possible solution to resolve the error. Depending on the type of 
error that occurred, the program may simply terminate, or an alternate solution displayed. 
Program error codes are organized into several different categories, based on the nature 
of the error that occurred: a program structure error, invalid variable inputs entered into 
the program, sensor program errors, files not created, etc. Occasionally an unexpected 
error may be encountered that will trigger a MatLAB internal compiler error. This is 
usually the result of a syntax error within the code or illegal variable definition, for 
example, defining the SENSORDATA variable as a single value in the first row and 
defining a sensor in the second row that requires additional information. A detailed list 
of program errors and possible solutions is included in Appendix B. 
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H. Mass Properties 
The MASSPROPERTIES subroutine is called as part of the ISSPO program 
upon completion of all of all the individual sensor cases. Its function is to collect and 
maintain information on the mass properties and physical dimensions of the final sensor 
chosen for each sensor type entered in the input file. At the end of each sensor file, a 
MatLAB ".mat" binary file is written containing the final sensor data array and unit 
labels. In the mass properties program the sensor data file is loaded for each sensor in the 
input file sensor data array, and returns a program errors if the file does not load properly. 
Within the program, sensor mass and dimensions are extracted from each sensor data 
array and compiled into a single mass property array. Mass properties and dimensions 
for the different sensor types are defined within each sensor database file. If the values 
are unknown a default zero (0) value in stored in the database location. Sensor data is 
also converted into the chosen unit system base units. If the UNITS variable is set to 
"SI" this calculates the sensor masses in kilograms (kg) and dimensions in meters (m). If 
UNITS is equal to "British" sensor masses are set to pounds mass (lbm) and dimensions 
are set to feet (ft). These units are used to calculate the total sensor package limits and 
displays the results in units equivalent to the units set for the MAS S LIMIT variable in 
the user input file. Additionally the sensors dimensions are stored and converted to 
sensor volumes in the main ISSPO program. 
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I. Power Properties 
The POWERPROPERTIES subroutine is called as part of the ISSPO program 
upon completion of the MASSPROPERTIES program. It functions to collect and 
maintain information on the power requirements of the final sensor chosen for each 
sensor type entered in the input file. A MatLAB ".mat" binary file is written containing 
the final sensor data array and unit labels. In the power properties program, sensor data 
files are loaded for each sensor in the input file sensor data array. Within the program, 
sensor power requirements are extracted from the sensor data array. Power consumption 
data for all different sensor types is not always consistent or available. When available, 
for each product, power consumption requirements are recorded. When both voltage and 
current data are available the system power loads are determined from basic relations. In 
determining power consumption, the largest power requirement for each sensor is used. 
This represents a worst case design in the amount of power needed to operate the 
equipment. If neither voltage, nor current data, is available for a sensor the resulting 
power consumption is set to zero (0) within the POWER_ PROPERTIES program. A 
check within the main program determines if the total power requirements meets the 
sensor payload power limit entered into the input file. If the total power limit of the 
system is exceeded, it does not mean that the configuration is invalid, merely that an 
insufficient power amount is available to operate all the sensors simultaneously. In this 
case a power load budget must be established to determine when during the mission is 
data needed from a specific sensor. 
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The mission design will have to allow for a contingency to operate a single high 
power sensor at the expense of several low power sensors, not collecting active data 
continuously. Sensor power data is converted into the correct unit system. In "SI" 
UNITS the variable is set to calculate power usage in watts (W). If UNITS is equal to 
"British" sensor power requirements are set to British Thermal Units per hour 
(BTU's/hr). These units are used to calculate the total sensor package power limits and 
displays the results in units' equivalent to the units set for the POWERLIMIT variable 
in the user input file. Total system power consumption levels are returned to the main 
ISSPO program and compared to the input system to determine if system constraints are 
met. 
IV. Huygens Probe Benchmark Case 
As a benchmark case to validate the methodology developed within the ISSPO 
program, the interplanetary probe mission to Saturn's Titan moon carried out by the 
Huygens probe was used. This spacecraft consisted of several complex sensor packages 
with independent mission objectives. [56, 57, 58] Data on the spacecraft systems and top 
level packages is obtained from various references to determine which of the hardware 
components were based on available components, and which were custom designs built 
to suit a specific science goal for this mission. 
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Custom designed sensor configurations will always be required when the mission 
science question is truly unique or the level of fidelity of a commercially developed 
sensor is not readily available. In this case an available sensor may only need slight 
modification by the developer to meet the mission objective. The base model design can 
act as a reference point that can be modified to handle mission requirements that it was 
not originally designed to meet. In evaluating the component designs for the different 
sensor packages on the Huygens Lander, there is a combination of commercially 
available sensors, modified versions, and custom functioning units used. 
Each subsystem of the Huygens Planetary Probe was analyzed separately as stand 
alone design system. Six primary science packages comprised the science payload for 
the entire mission. The requirements for each package will be described in turn and 
evaluated using the mass and power limits for each subsystem. A comparison of the 
results to the published data available will be made. A schematic layout of the six 
science payloads on the inverted Huygens probe is shown in Figure 5 looking at the 
bollom of the probe. The Descent Imager Spectral Radiometer (DISR) and Doppler 
Wind Experiment (DWE) are mounted on the top surface of the spacecraft and not 
shownin the figure. Despite the large number of instruments contained in the science 
payload, it represented only a small portion of the total spacecraft mass and volume. The 
mission profile was for a short lifetime to collect and relay the data thus a number of 
components has redundant systems or multiple ways to obtain the different data in case a 
system failed. 
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DISR Package 




Figure 5 Schematic Diagram of Huygens Probe Instrument Layout 
A. Aerosol Collector and Pyrolyser (ACP) 
The Aerosol Collector and Pyrolyser (ACP) Package is one of the science 
measurements chartered with mapping the properties of Titan's Atmosphere. It samples 
the atmosphere twice during the entry and descent phase of the mission, in the tropopause 
(160-40 km), and in the cloud layer (23 - 17 km) and prepares the samples for analysis 
by other components on the probe. Samples are passed to the Gas Chromatograph Mass 
Spectrometer for analysis. The chemical composition of the samples is analyzed looking 
for specific combinations of aerosols in the atmosphere. A summary of the ACP sensor 
system is shown in Table 28. 
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Table 28 Mission Properties of the Aerosol Collector and Pyrolyser Sensor 
Aerosol Collector and Pyrolyser Properties 
Scientific Objectives: 
Chemical composition of photochemical Aerosols - Hydrogen (H), 
carbon (C), nitrogen (N) and oxygen(O) 
Relative concentrations of the organic condensates inside the lower 
stratosphere (C2, H2, C2, H, HC3N, HCN) 
Relative concentrations of the organic condensates within the 
troposphere (mainly CH4, C2H6) 
Non condensable constituents trapped in the collected particles (CQ2) 
Instrument Characteristics 
Sampling of the particles (direct impact plus capture by filtration) 
Transfer of the evaporates and pyrolysis products to the GCMS (via 
the special ACP inlet) 
Analysis (direct MS and GCMS) 
Designed to operate with precise timing 
Payload Properties: 
Mass = 6.18 kg Power (typical/peak) = 3 / 85 W 
Energy = 78 Wh Data Rate = 128 bits/sec 
The ACP on its own does not make any direct samples of the atmosphere. 
Instead, it prepares samples of the atmosphere for the GCMS. The design of the ACP 
was a collaboration of multiple research institutes and industry. Use of this type of 
device is not common in planetary probe missions and no broad database of similar 
devices exists that are commercially available. Calibration of this package type was 
excluded from the rest of the sensors built into the model. 
B. Descent Imager / Spectral Radiometer (DISR) 
The Descent Imager / Spectral Radiometer (DISR) sensor suite onboard the 
Huygens probe records images as the probe enters the Titan atmosphere. It is responsible 
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for recording both descent imagery to monitor the surrounding terrain during the descent 
phase to provide background context, and upward looking data to observe the optical 
properties of the atmosphere. The Huygens probe spun as it entered Titan's atmosphere. 
With the DISR mounted on the side of the probe, the rotation allowed the probe to record 
smaller strip and area images that were later compiled into a 360 degree image of the 
terrain under the craft during descent. As the probe descended towards the surface, the 
imaging pattern of the spacecraft provided continuously updated terrain images. Upon 
arrival on the surface, the DISR is also responsible for recording images of the planetary 
surface and visually determine the landing location of the probe. An overview of the 
DISR instrument properties and objectives is included in Table 29. 
Table 29 Mission Properties of the Descent Imager / Spectral Radiometer 
Descent Imager / Spectral Radiometer Properties 
Instrument Overview: 
CCD Detector Array 
Surface Science Lamp 
In-flight Calibration System 
Flexible data collection software 
Upward and downward-looking IR 
spectrometer 
Upward and downward-looking 
violet photometer 
Two Linear IR detector Arrays 
Sun Sensor 
Hardware and software data 
compression systems 
Three frame imagers 
Upward and downward-looking 
visible spectrometer 
4-channel solar aureole camera 
Payload Properties: 
Mass = 8.07 kg 
Energy = 42 Wh 
Power (typical/peak) = 13 / 70 W 
Data Rate = 4800 bits/sec 
Assembling each of these devices as a complete camera package the payload 
weight budget would have been exceeded. Instead to meet all the optical observation 
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requirements commercial grade CCD detectors were coupled to multiple camera lenses, 
each built to meet a specific observation requirement. This configuration allowed for a 
higher instrument density focusing multiple devices onto a single CCD array. The Side 
Looking Imager (SLI), Medium Resolution Imager (MRI), and High Resolution Imager 
(HRI) are connected by fiber optic cable to focus on different sections of the CCD array. 
This allows it to simultaneously record data from multiple imagers into a single unit. The 
custom configuration of the lenses does not represent a commercial viable solution for 
optical data recording. In this case the ISSPO tool was tasked to select a CCD based on 
the required types and amount of data to be recorded by the probe during the mission 
timeframe. 
The CCD array used on the Huygens Probe is a modified version of a 
commercially available CCD array rated for aerospace applications developed by 
Fairchild Imaging. [60] The flight unit carried aboard the Huygens probe utilized a 512 x 
256 pixel frame transfer CCD. The flight unit chosen supports optical binning modes in 
which areas of the CCD array can be designated to separate images. The use of this 
option allowed for greatly reduced sensor weights instead of carrying a separate camera 
system for each image type required. An example of the use of software binning and 
multiple imaging areas on a CCD array is shown in Figure 6. 
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Memory Storage Area 
Figure 6 Schematic Diagram of CCD Array Image Layout and Binning 
Evaluating the ISSPO tool for the CCD array used in the DISR sensor package the 
following input data in Table 30 was used to determine the correct sensor. 











Based on these criteria for a CCD array design, the ISSPO tool determined a 
similar CCD array configuration to the design flown on the Huygens Probe. A 
condensed summary of the sensor data is shown in Table 31. Data on the specific CCD 
array flown on the Huygens probe was not available for a direct comparison of the CCD 
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design. The selected design has a larger CCD area, and offers the same frame transfer 
capability of the model flown on Huygens. The model 424 CCD array is a flight proven 
model developed for NASA's Deep Impact Mission. [61] 
Table 31 ISSPO System Architecture DISR CCD Array 
Sensor Type 
Imaging Spectrum: 
Array Dimensions - Length: 
Width: 
Sensor Pixel Size: 
Imaging Array Size - Length: 
Width: 




X-RAY UV VISUAL N1R 
MICRO 
1024 # Pixels 







C. Doppler Wind Experiment (DWE) 
The Doppler Wind Experiment (DWE) carried aboard the Huygens probe is used 
to determine wind speeds in the atmosphere as the probe descended towards Titan's 
Surface. The DWE consists of two Ultra-Stable Oscillators, with the properties shown in 
Table 32, one earned aboard the Huygens Probe, while the other remains aboard the 
Cassini Orbiter. Measured wind velocity is back calculated from Doppler shifts in the 
transmitted radio signal frequencies between the two receiver transmitters. The 
experiment had several objectives. 
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Table 32 Huygens DWE Sensor Properties 
Doppler Wind Experiment Properties 
Scientific Objectives: 
Determine the height profile of Titan zonal wind velocity over the altitude range from 0 -
160 km with an accuracy of ~1 .m/s 
Measure Doppler fluctuations to determine the level and spectral index of turbulence and 
possible wave activity in Titan's atmosphere 
Measure Doppler and signal level modulation to monitor Probe Descent Dynamics, 





170 x 117 x 119 
radiation shielding: 150 g 
L x W x H 
DC power: 
Warm-up power (W) 




< 30 min 
System limit: 0.7 A 








1.4 x 10"9 
3 x 10"" 
6x 10"12 
±0.1 Hz 
5f0/fo over 3 hours 
T = l S 
T = 10S 
The input file setup used by the ISSPO program to determine the properties of the 
sensor to use for the DWE sensor package is shown in Table 33. 





3 rd Column 
"DOPPLER" 
The use of Doppler based velocity detections [62] involves tracking shifts in radio 
frequencies between two receivers. To determine the velocity to first order accuracy for 
a Doppler shift the primary governing equations are: 
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Af = -LAV (2) 
c 
^^(Vp-V0)-Rop (3) 
where p and o are the probe and orbiter elements, respectively. And RoP is a unit vector 
path from the orbiter to the probe defined as: 
Rn-K 
R„ = ,J J, (4) op 
* P - * O 
The AV is selected to be negative at the beginning of the descent phase resulting in a blue 
shifted (increased) frequency in Equation 2. The resulting velocity equation is then 
written as a sum of four velocity components as summed and defined below. 
KP-vp = vi + v2 + v> + v* (5) 
where, 
Vi defined as zonal wind u (positive towards East) 
V2 defined as Titan's rotation Qa * cos X (co-aligned with Vi) 
V3 defined as meridional wind v (positive toward North) 
V4 defined as descent velocity VT + vertical wind w (positive upwards) 
Finally the orbiter's velocity projection onto the radio path direction is: 
K-t=V5 (6) 
Based on the different sensor types in the database and the planetary 
environmental properties that the sensor must cope with the ISSPO determined a sensor 
package with similar properties to the actual flight unit. The DWE package [63] built by 
Daimler-Benz Aerospace (DASA), now EADS Germany used a commercially developed 
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space-qualified rubidium oscillator built by Ball Efratom Elektronik GmbH. Detailed 
information on the specific sensor configuration flown is not available and a similar 
performing model built by Symmetricom [52] uses a militarized Rubidium Oscillator. 
There are slight performance differences between the actual flight unit and the 
ISSPO design solution. The largest differences is the unit is about half the weight of the 
Huygens model but consumes more power at max input, but better matches the sensor 
performance during steady state operation. The model has a significantly shorter warm 
up period resulting in lower total power consumption. Brief summary results on the 
DWE sensor package are provided in Table 34 with full details of the sensor design and 
operation provided in Appendix B. 
Table 34 ISSPO DWE Sensor Configuration 
ISSPO DWE Sensor System Architecture Result 





102.6 x 74.1 x 72.8 Lx W x H 
DC power: 
Warm-up power (W) 





At 32 V DC input 









3 x 10"" 
3 x 10"" 
After 1 month 
I = 1 S 
x = 1 0 s 
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D. Gas Chromatograph Mass Spectrometer (GCMS) 
Use of Gas Chromatograph Mass Spectrometer (GCMS) in planetary missions is 
a relatively new option. Typically these units have been custom built and designed 
specifically for a single mission. As such, a database of flight rated configurations is 
limited. Numerous laboratory models exist but are not built with the same considerations 
that are given to flight systems. In aerospace missions mass, power, and volume are all at 
a premium whereas laboratory models do not have these constraints. Additionally flight 
rated models must be completely automated as there is no possibility to intervene should 
a problem arise. The design of such a devise is also a combination of multiple separate 
instruments. The configuration flown on the Huygens probe is a custom configuration 
due to the payload constraints but based on commercially available individual products. 
The completed flight unit now represents a flight proven configuration with enough 
available performance data that it can represent a stand alone product to be used on other 
future missions with minimal changes for other planetary atmospheres. The GCMS 
onboard Huygens was built by NASA's Goddard Space Flight Center (GSFC), [64, 65, 
66] and can be made available to reproduce for any future missions needing a similar 
device. The device is built around the two basic components: a gas chromatograph, and 
mass spectrometer. The layout of these components and associated hardware resulted in 



















Figure 7 Schematic Diagram of Huygens GCMS Sensor 
The science objectives for the GCMS are defined relatively broad [67], and 
include the following goals: to determine the noble gas abundance, isotopic ratios, and 
identify the high molecular weight trace organic compounds. Sufficient data from these 
sources provided enough design information to add the sensor configuration to the 
GCMS database. The flight unit is comprised of commercially available products 
including five ion sources attached to the mass spectrometer. The different components 
were machined to fit and assembled together to create the final flight unit. 
The final assembled version houses all the sensor components and associated 
electrical hardware to sample the Titan atmosphere and analyze the data. Information 
required for the ISSPO program to determine the appropriate sensor is shown in Table 
35. 
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The data in Table 36 corresponds to the final published data for this component. 
The sensing range is defined as "MEDIUM" in comparison to other models with larger or 
smaller scanning ranges. It is not clear, from the reports whether this range is the 
maximum sensing range of unit or merely the range of chemical compounds expected to 
be found within the Titan atmosphere. In total 5634 mass spectra recordings were made 
during the descent phase with an additional 2692 spectra samples collected on the surface 
with a range of 2 -141 amu's. [68] Designs within the ISSPO tool can be set to a high 
range, if the chemical contents of the planetary atmosphere are unknown; however with a 
better understanding of the compounds under investigation the required sensing range can 
be reduced. 
Table 36 ISSPO GCMS Sensor Configuration 
ISSPO GCMS System Architecture Design Result 





470 x 198 x 198 Lx W x H 
DC power: 
Typical Power (W) 
Average Power (W) 




After 36 min warm-up period 
At 28 V DC input 
Sensing Parameters: 
Mass - Charge Range 
Number of Ion Sources 











E. Huygens Atmosphere Structure Instrument (HAS1) 
The Huygens Atmosphere Structure Instrument (HAST) is a key multi-sensor 
component to mapping the Titan atmosphere. In incorporated multiple atmospheric 
sensor elements into an overall package that would monitor most atmospheric properties 
during the planetary entry. Sensors within this package have been categorized into the 
type of environmental data that is returned. These categories include: acceleration, 
pressure, temperature, and Permittivity, Wave, and Altimetry. Mission science objectives 
for the HASI sensor suite are to determine the density, temperature, and pressure through 
the descent profile to the surface, determine the nature of the surface contact, whether 
solid or liquid, determine atmospheric electrical conductivity, electric fields and 
atmospheric lightning, and surface topography by monitoring surface dielectric fields. 
Within the design of this sensor package a certain amount of redundancy is included; in 
case a single element failed the secondary unit would continue to provide information. 
Pressure 
Figure 8 Schematic Diagram of Huygens HASI Sensor Package 
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A diagram of the different sensor components contained in the HASI package in 
shown in Figure 8. A summary of the different science data to be returned, and sensor 
system components, is detailed in Table 37. The sensors in the PWA subsystem or 
mounted external to the spacecraft, and shielded from the electric field generated within 
the probe body by all the electronic components. Two deployable boom arms are 
released prior to atmospheric entry, which contain the mutual impedance and relaxation 
probe sensors. These sensors consist of a pair of metal wire coils and flat disks mounted 
on the deployed boom arms shown in Figure 14. 
Table 37 Huygens HASI Science Package Objectives 
HASI Sensor Packages 
Sensor Package 
Accelerometers (ACC) 
Pressure Profile Instrument 
(PPD 
Temperature Sensor 




Kiel probe, capacitive 
gauges 
2-Dual Element Platinum 
Thermometers 
Mutual impedance 
AC field measurement 
Relaxation probe 
Acoustic sensor 










Wave electric fields & 
Lightning 
Ion conductivity and DC 
electric field 
Acoustic noise due to 
turbulence of storms 
Radar echoes below 60 km 
altitude 
Performance data on the sensitivity of the PWA sensor components is available in 
several documents [69,70] however, no data on the physical specification (dimensions, 
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weight, materials, etc.) of the sensors is available. The scope of the ISSPO tool is 
determine the necessary sensor components based on mission requirements from 
databases of existing commercially available components. The mutual impedance 
sensors and relaxation probe design used do not represent a broad enough spectrum of 
uses to develop a database of configuration for interplanetary missions. These 
components are excluded from the rest of the sensor design analysis. 
Information on sensors in this package based on commercially available sensors 
was incorporated into the sensor databases and analyzed to determine the selection 
reasoning for each component in this sensor package. For each of the separate science 
requirements the appropriate sensor configuration is selected by the ISSPO tool out of the 
databases based on the information required by the program for each different sensor 
type. A comparison of the ISSPO tool results to the known flight units for each 
component of the HASI sensor package is shown in Table 38. Variations in the data 
between the flight version and the ISSPO determined sensor result based on the required 
input data, is discussed in each separate section. 
Table 38 HASI Sensor Package Summary Results 
HASI Sensor Package Components 
Sensor Package 
Accelerometer - 3 axis servo 
Accelerometer - piezo-
resistive 
Pressure Profile Instrument 
Temperature Sensor 
PWA - Acoustic Sensor 





Vaisala - Barocap 
dual element platinum 
resistance thermometers 













Two different configurations of accelerometers are carried aboard the HASI 
sensor package. The selected sensors feature single axis calibration, one featuring a high 
sensitivity used along the probe primary x-axis to precisely measure the deceleration 
profile of the probe through the entry phase, the other configuration three single-axis 
sensors to measure acceleration loads along all three primary axis at reduced resolution. 
Sundstrand, makers of the three-axis servo accelerometer [71], was acquired by Allied 
Signal in 1994, and operated for 5 years before being acquired by Honeywell sensors in 
1999 [72]. Since, the launch of the Huygens probe additional versions of the sensors 
have been developed based on the same sensor platform and sensor performance data 
varies in sources. Due to the nature of the designs of these elements the maximum 
operational range of these components is shown on datasheets, however, through signal 
conditioning the maximum range of the models can be reduced with a corresponding 
increase in sensor resolution. For the piezoresistive accelerometer the design comes from 
the Endevco 7264 accelerometer line [73], the optional "T" configuration of the design 
reduces the transverse sensitivity to one percent from the default three percent 
calibration. The resulting HASI accelerometer sensor design data is shown in Table 39. 
Accelerometer data was also used to determine the atmospheric density during the 






where a is the magnitude of the acceleration, m is the entry probe mass, CD is the 
vehicle's drag coefficient, A is the frontal cross sectional area, and V is the velocity of 
the probe relative to the atmosphere direction. 
Table 39 ISSPO HASI Accelerometer Sensor Configuration 
ISSPO HASI Accelerometer Sensor Package Results 







5.08 x 10.16 x 10.16 
Sensing Parameters: 









2. Pressure Profile Instrument 
The Pressure Profile Instrument's objective is to map Titan's atmosphere pressure 
profile during the descent phase of the mission. Available data [74] on the configuration 
of the PPI sensor indicates that the silicon capacitive absolute pressure sensor flown is a 
variant of the Barocap design manufactured by Vaisala Co., in Helsinki Finland. Two 
types of silicon diaphragm were used, constructed based on different thicknesses to yield 
different sensitivities to the pressures in different regions of the atmosphere. Searches for 
specific information on the configuration flown aboard Huygens yielded no successful 
results. Available configurations on the Vaisala website, do not represent the flight rated 
model, or cover the same operational range. Without the specific flight configuration 
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data to incorporate into the database, the planetary environmental data is used to 
determine an alternate sensor with similar performance capabilities. 
Contrary data [72] on the performance of the pressure sensing range proposes an 
upper limit on the sensing range of 1600 mbar. Onboard the spacecraft the pressure 
profile instrument was not exposed directly to the atmosphere, but atmospheric samples 
were funneled through a Kiel Probe into the instrument. The performance data for the 
flight model is compared to the ISSPO sensor configuration in Table 40. 
Table 40 ISSPO HASI Pressure Profile Instrument Sensor Configuration 
ISSPO HASI PPI Sensor Package Comparison 
Model: Barocap - Flight Unit ASCO 48-0025 
Physical Properties: 
Dimensions (mm) 70.00 x 50.0 x 17.00 48.56 x 22.23 x 22.23 
Sensing Parameters: 
Pressure Range (g's) 
Accuracy 
0 - 2000 mbar 
1.0% 
0 - 1724 mbar 
0.5 % 
3. Temperature Sensors 
The flight unit temperature sensors carried as part of the HASI sensor package 
features a coarse and fine sensor design. The designs features a platinum resistance 
thermometer mounted onto a platinum-rhodium truss frame that is mounted on a small 
STUB boom that extends past the spacecraft boundary layer, shown in Figure 15, during 
entry to measure free stream temperatures. The original flight units were produced by 
Rosemount Aerospace, Inc. based in Minnesota, U.S.A. Since the qualification effort and 
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launch of the Cassini- Huygens mission, they were acquired by Goodrich Sensor Systems 
[75], and data on the specific model is no longer available. 
Based on the design of the TEM structure the measured temperature is not the 
actual ambient temperature and must be corrected for dynamic effects while moving in 
the atmosphere. The relationship between measured and corrected temperature [76] is 
given by Equation 8. 
r v 2 1 
T —T — r r (&) 
corr meas T / ^ 
Where "r" is a recovery factor, Vr is the relative velocity of the sensor to the atmosphere, 
and Cp is the specific heat ratio at constant pressure. A number of similar capable 
platinum resistance thermocouples are available within the known performance 
specifications of the original model. Information provide to the ISSPO tool to aid in 
selecting a similar sensor type is shown in Table 41. The performance properties of the 
selected sensor are shown in Table 42. 








Table 42 ISSPO HASI Temperature Sensor Configuration 

















4. PWA Acoustic Sensor 
The Acoustic sensor flight unit carried aboard the Huygens probe HASI 
experiment package [77] is tasked to measure the acoustic noise due to the turbulence of 
storms. However the environmental conditions on Titan placed additional constraints on 
the selection of the sensor. Due to the cold thermal environment, the reasoning [78] was 
made to use a pressure sensor capable of surviving the harsh environment, and sacrificing 
the ability to detect low level noise environments. This reduced ability to detect sounds 
prevents the pressure sensor from monitoring quiet sounds but allowed it sufficient 
resolution to detect strong winds and thunder as specified in the mission requirement. 
Information provided to the ISSPO too! to select this sensor is shown in Table 43. A 
summary of the relevant performance parameters is listed in Table 44. 
71 





Table 44 ISSPO HASI Acoustic Sensor Configuration 
ISSPO HASI Acoustic Sensor Package Results 
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5. PWA Digital Signal Processing 
Data collected from the various sensors in the PWA package that required real 
time processing to trigger events, or interpret the data was processed via a Digital Signal 
Processor. In essence these components are micro-computers, with fixed amounts of 
program and data memory. In selecting the right component for any use, several key 
operational parameters must be taken into account - including processor speed, memory, 
number of signal inputs, and special functionality. In selecting a processor speed, faster 
is usually better, however several limitations are placed on this. The device chosen must 
be fast enough to read in the sampled data at a fast enough rate, and be able to generate 
the results quickly enough to be useful. For time critical events, the data must be 
sampled, analyzed, and results output before too much time has elapsed or else a critical 
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time event may be missed. The counterpoint to this is to opt for the fastest processor 
speed, as this would provide more than sufficient computational power. This trade-off 
comes with a price, as the faster processor is usually heavier, larger, and requires more 
power to operate. Additionally the processor might be so over-powered that the 
processor may never use its full capacity and end up wasting precious spacecraft 
resources. 
An additional critical selection criteria is the amount of available memory for the 
both the program and for data. In development aspects the amount of program code 
should be kept to a minimum to ensure all the data will be able fit onto a single 
processor's memory, as difficulties are often encountered when program data has to be 
stored in separate memory locations. Attempts to reduce the amount of code used and 
optimize the organizational pattern can improve the performance of the overall 
component. Additional care, in the processing of data is also crucial to ensure the 
program efficiently uses the available memory to prevent possible data corruption if the 
amount of available data memory is overflowed. 
An additional crucial selection consideration in determining the correct DSP is the 
type of tasks the processor is required to complete. Components are selected based on 
the specific tasks the processor is required to perform. Special versions of processors are 
available, tailored with specific computational processing abilities, or algorithms to be 
able to perform specific types of calculations. 
Selection of the DSP unit flown on the Huygens Probe is based on the required 
computation speed of the processor and the attached components. Sensor data from the 
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mutual impedance, relaxation probes, acoustic sensor, and radar altimeter unit is passed 
to the DSP unit and undergoes Fast Fourier Transform analysis before transmitting the 
data to the Huygens orbiter for the return trip to Earth. Data provided to the ISSPO tool 
to select the DSP component is shown in Table 45. A summary of properties of the 
ISSPO resulting selection is in Table 46. 





3 rd Column 
4 
Table 46 ISSPO HASI DSP Component Configuration 
ISSPO HASI DSP Sensor Package Results 
Model : Analog Devices ADSP-2100 
Physical Properties: 
Output Power (mW) 
Dimensions (mm) 
790.0 
33.83 x 33.83 * 9.12 L x W x H 
Operating Parameters: 












F. Surface Science Package (SSP) 
The Surface Science Package (SSP) carried aboard the Huygens Titan probe is 
comprised of nine different sensors monitoring seven different types of planetary science 
data. The charge of the SSP is to measure and determine the nature of Titan's surface 
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properties. Most of the sensors were mounted on the external surface of the probe to 
allow for direct measure of the surface environment. These sensors were mounted on a 
cylindrical unit dubbed "Top Hat" [79] that extended slightly forward of the surface to 
provide direct contact with the surface. A summary of the SSP's scientific objectives is 
shown in Table 47. The main components of the SSP are located along the probes x-axis 
at the center of the front of the vehicle. The remaining sensors are mounted internal to 
the spacecraft. A vent tube that extends through the probe's structure is attached to the 
Top Hat to allow Titan's fluid to the internal sensors if Huygens lands in an ocean 
environment. 
Table 47 Huygens Surface Science Package Scientific Objectives 
Surface Science Package (SSP) Scientific Objectives 
Determine the physical nature and condition of Titan's surface at the landing site 
Determine the abundances of the major constituents, placing bounds on 
atmospheric and ocean evolution 
Measure the thermal, optical, acoustic and electrical properties and density of 
any ocean, providing data to validate physical and chemical models 
Determine wave properties and ocean/atmosphere interaction 
Provide ground truth for interpreting the large-scale Orbiter Radar Mapper and 
other experimental data 
A schematic layout of the sensor contained within the "Top Hat" is shown in 
Figure 9. The two sensor elements not shown in the diagram below are the two tilt sensor 





Figure 9 Schematic Diagram of Huygens SSP Top Hat Sensor Cavity 
The location of the SSP within the overall Huygens probe structure is shown in 
Figure 10 with the impact penetrometer extending out beyond the surface of the probe 
vehicle. Based on the summary of mission requirements input into the ISSPO program, a 
summary sensor design package is detailed in Table 48. The inputs and summary 
comparison for each sensor design is discussed in the following sections. Information on 
commercial components used in the SSP is scarce and several of the sensors are 
approximated in the final ISSPO design solution by similar components. 
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Vent Tube 
SSP "Top Hat" Cavity Penetrometer 
Figure 10 Schematic Diagram of Huygens SSP Component Layout 
Table 48 1SSPO - Huygens SSP Sensor Component Comparison 
SSP Sensor Components 
Sensor 
Accelerometer - Impact 
penetrometer ACC-E 
Accelerometer - Impact 
accelerometer ACC-I 
Tilt Sensor TIL 
Temperature Sensor 
THP 
Velocity of Sound API-
V 
Acoustic Sounder API-S 
Fluid Permittivity PER 
Density of Fluid DEN 






SpectronL-211U +/- 60° 
Hot Wire 6 5 - 1 0 0 K 
Piezoelectric Transducers - 2 
150- 2000 m/s 
Piezoelectric Transducers Array 
Capacitance Sensor 
Archimedes Sensor 
400 - 700 kg/m3 













Several of the components utilized in the SSP represented custom design 
solutions for the specific application they were tasked for on the Huygens probe. 
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1. A ccelerometers A CC 
To determine the impact acceleration loads on the vehicle during the final phase 
of the atmospheric descent, two different types of units are used. One unit (ACC-I) will 
measure the landing acceleration loads dependent on the surface material composition. 
The other probe is based on a penetrometer design and extends forward of the outer skin 
of the vehicle and is designed to measure the surface resistance force on the penetrometer 
tip as the probe lands on the surface. The ACC-I unit flown is an Endevco 2271AM20 
piezoelectric accelerometer [80]. The unit is mounted internal to the spacecraft at the 
base of the SSP electronics box and records the acceleration profile along the spacecraft's 
primary x-axis. Properties of the resulting ISSPO sensor configuration are shown in 
Table 50. 
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Table 50 ISSPO SSP Accelerometer Configuration 
ISSPO SSP Accelerometer Sensor Package Results 
Model: Endevco 2271AM20 
Physical Properties: 












2. Tilt Sensor TIL 
The tilt sensor [81] carried aboard the Huygens probe primary purpose was to 
return orientation data about the spacecraft if it were to land in an ocean. Combined with 
data from the onboard accelerometer, the position and movement of the probe could be 
obtained. If the probe lands on solid ground, it will return the final resting orientation. 
The unit was also designed to operate during the entry phase, and provide orientation data 
that would improve the fidelity of data collected in the DWE by adding probe orientation 
data to determine atmospheric wind speeds. 
The sensor component flown aboard Huygens consists of two single axis tilt 
sensors mounted in a dual axis configuration on a small mounting block [82]. Sensors 
used on the SSP were chosen for their quality, performance and high reliability. The 
selection criteria required as input information to the ISSPO tool is shown in Table 51. A 
summary of the resultant sensor design is shown in Table 52. 





Table 52 ISSPO SSP Tilt Sensor Configuration 
ISSPO SSP Tilt Sensor Package Results 
Model: Spectron L-211U 
Physical Properties: 












3. Temperature Sensor THP 
The Temperature sensor carried aboard the Huygens probe as part of the SSP is a 
dual operation hot wire thermometer to measure surface thermal conductivity. The 
sensor configuration consists of a redundant pair of cylinders housing a platinum wire 
resistor. Since the final landing environment was unknown, and the possibility existed 
that the probe could land on either solid ground or in an ocean environment, each 
cylinder is designed for a liquid measurement or gaseous atmospheric sample. Each 
cylinder contains a platinum wire resistor configured to operate as a four wire resistance 
thermometer, and operates via a transient hot wire method. [83] A schematic drawing of 
a pair of the four sensing cylinders with a cut-a-way view of the internal structure is 
shown in Figure 11. The left-hand thinner cylinder is configured for sampling in a 
liquied environment while the right-hand wider cylinder is configured with a thinner 
sensing wire to sample the atmosphere. 
Figure 11 Schematic Diagram of Huygens SSP THP Sensor 
The thermal conductivity is back calculated from the temperature change in the 
wire when a known power is applied to the wire. Calculation of the thermal conductivity 
of the air / fluid is based on equations 9 - 1 1 . 
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In Equations. 9 - 11, AT is the temperature rise in the wire, X is the thermal 
conductivity of the medium, K is the thermal diffusivity of the medium, q is the power per 
unit length of wire, a is the radius of the wire, t is the time interval of the sampling 
period, and C is a constant with a value of e8, and g is Euler's constant. The A and B 
terms in Equation 4, represent the gradient and intercept values, respectively, of the plot 
ofATvs.ln(t). 
The material construction of this sensor is the same platinum as the thermal 
sensor carried in the HASI sensor package. The configuration of the components here is 
custom but the same basic configuration can be converted to suite the purpose of the 
experiment. The selection of this same type of sensor is achieved by loading the same 
input criteria into the ISSPO tool as shown in Table 53. 








Table 54 ISSPO SSP THP Sensor Configuration 

















4. Acoustic Sensor API 
The Acoustic Properties Instrument (API) is comprised of two separate 
instruments. A pair of piezoelectric ceramic transducers [80] comprising the API-V 
element are mounted on opposite sides of the Top Hot facing each other. The two units 
transmit and receive ultrasonic pulses [84] over the unobstructed path. A timing circuit is 
used to measure the time it takes the pulses to travel between the sensors. With the 
known distance between the sensor elements and the signal delay time the speed of sound 
could be resolved to 8 cm/s. The calculation of the speed of sound is made via several 
different forms depending on the nature of the medium that the sensors are interacting 
with, for solids Equation 12a applies, and Equation 12b applies for liquids and gasses. 
»f 






In Equation 12a, B represents the Young's modulus of the medium, and Equation 
12b is a variation of the Ideal Gas equation, where y is the ratio of specific heats (~ lfor 
liquids, 1.1-1.4 for gasses), R is the universal gas constant and M is the molecular weight 
of the gas sample. The other component to the API sensor is an array of 10 resonant 
piezoelectric plates and operates similar to a SODAR array (Sound Detection and 
Ranging). This component uses an acoustic beam transmitted to the surface to detect 
from the signal scattering the number of particles in the atmosphere. The data results will 
be compared to the radar altimeter and verify results. The use of an acoustic array in this 
manner is not widely flown on planetary missions, thus a database of commercially 
available components featuring this ability is limited and was excluded from direct 
comparison in this analysis. 
The API components were designed and built under research collaborations 
between academia and industry. Data on the configuration of the flight unit version of 
the components for the sound velocity sensor was unavailable. However, a wide enough 
database of acoustic transducers, allow the ISSPO tool to determine a similarly capable 
option that could measure the speed of sound. Input criterion for the sensor selection by 
the ISSPO tool is shown in Table 53. The performance properties of the resultant ISSPO 
design configuration are shown in Table 54. 






Table 56 ISSPO SSP Acoustic Sensor Configuration 
ISSPO SSP Acoustic Sensor Package Results 
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5. Permittivity PER 
The task of the permittivity sensor flown aboard Huygens is to measure the static 
permittivity of any fluid samples found on the surface. In part this was to aide in the 
determination of the mixing ratio of ethane to methane in any surface liquids. From the 
permittivity of the sample, and data from the density sensor, an estimate of the mean 
molecular weight of the sample can be obtained from the Clausius-Mossotti function, 
Equation 13. Where p is the density, a is the molecular polarisability, NA is Avogadro's 
number, eo is the electrical permittivity of free space and eo is the refractive index 
permittivity from the refractometer. 
PfA(cr+2) 
The Huygens design consists of 22 stacked open plate capacitors. [80, 81] A 
schematic layout of the sensor design is shown in Figure 12. The design of this type of 
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sensor is specifically tied to the mission and would be custom built for each application. 
The design can be based on any number of mission constraints or tuned specifically to 
determine a number of fluid or gaseous properties can be determined. These units serve a 
variety of functions that serve other industries and uses, such that no standard design 
configurations exist. Capacitance units for this application can be configured via many 
different parameters and are best suited being designed for each application. 
Figure 12 Schematic Diagram of Huygens SSP Permittivity Sensor Design 
6. Density DEN 
The density sensor flown aboard the Huygens probe employs Archimedes' 
principle in its operation. A buoyant float is suspended off the Top Hat inner wall by a 
thin flexible beam [81] and the resulting forces on the beam are measured by strain 
gauges. Additional data on the specific configuration of the sensor are not available. The 
unit was configured as a Wheatstone bridge circuit, and the unit was designed to operate 
in the region of 400 - 700 kg/m3 with a science mission requirement of a resolution of ± 
2 kg/m at a density of 550 kg/m . The design of the electronic circuit can be based on 
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any circuit configuration and no data on the cylindrical float unit incorporated into the 
design is available. Only a constant voltage source is required and the resulting 
deflection of the float alters the Wheatstone bridge circuit resistance, and changes the 
output voltage. Knowledge of the beam material and its properties allows the 
determination of the density of the fluid that caused the resulting deflection and thus the 
circuit voltage change. Density sensor configurations like this are simple common 
components, but usually custom configured to the exact system use. Sensor 
configurations currently within the ISSPO database are based on larger scale Archimedes 
buoyancy float designs for measuring density in pipe flows or other large liquid systems. 
7. Refractive Index REF 
The Refractive Index (REF) sensor earned aboard the Huygens probe measured 
the refractive index of the Titan atmosphere determine the abundance of methane and 
ethane in any liquid samples on the surface. The flight model is a linear critical angle 
refractometer [81], which uses a sapphire prism to aid in determining the refractive index 
range. The flight unit also incorporates a detector array which incorporates a self-
scanning linear photodiode array. This detector then measures the light incident upon it 
and indicates the transition between light and dark on the array. A schematic 
representation of the operation of a refractometer is shown in Figure 13. Two LED's 
transmit light through and external to the prism to measure the refraction index. Light 
from the internal source "A" refracts of the prism's external surface and terminates in the 
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detector array. Knowing the "r" and "s" distances allows the calculation of the refractive 
index angle ©c of the prism. Rearranged the equation [85] for "s" is given as a function 
of the prism (us) and fluid (U-L) refractive indexes, in Equation 14. The external light 
source "B" passes through the sample, either gaseous or liquid, before entering the prism 
and landing on the detector array. 
s = rx(juL/ns) (14) 
Figure 13 Schematic Diagram of a Refractometer Prism 
The final flight configuration is a combination of commercial components which 
was designed for laboratory use and custom elements to aid in detection and operation. 
The component was built as a collaboration between the University of Manchester 
Institute of Science and Technology (UMIST) and Rutherford Appleton Laboratory. The 
overall design of the refractometer flight unit includes the refractometer sensor, detector, 
light sources, and associated electronics to record the data. 
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The location of the refractometer component is within the center of the Top Hat 
on the Huygens probe. It is oriented with the sapphire prism face facing downward; to 
interact with the gaseous atmosphere or liquid surface once it lands. [80] 
Data on the original laboratory model was not available to include in the ISSPO 
database, however enough data is available on the performance and configuration of the 
flight unit to add it to the database for refractometer sensors and is the resulting design 
from the ISSPO tool. The selection of the "REFRACTION" sensor option in the ISSPO 
input file requires no additional modifiers, and the resulting design is chosen by the 
refraction index range and data based on the planetary bodies environment. The 
summary of the resulting sensor data is then shown in Table 57. The photodiode array 
[85, 86] is a commercially available unit mounted to the refractometer to record the data 
sampled during the mission. 
Table 57 ISSPO SSP Refractometer Summary Configuration 
ISSPO SSP Refractometer Sensor Package Results 
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Refractive Index Units 
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G. ISSPO Huygens Summary 
The results of the ISSPO tool comparison with the Huygens mission requirements 
shows a high correlation of the ISSPO tool results with the flown sensors. Given the 
mission requirements for science data and the sensor package power and mass limits, the 
ISSPO tool was able to assemble a sensor configuration capable of meeting the 
requirements. Data on sensor configurations is based on product specified data sheets 
available from commercial suppliers. Variations in reported data amongst different 
vendors make for difficult product comparisons. Data not available for all sensor 
configurations amongst suppliers is zeroed out within the sensor databases. 
For each sensor package the payload totals were used for ISSPO program inputs. 
Often power or mass properties of the individual components were not available for the 
individual components to compare against the total sensor package weight. Total sensor 
package weight used in the inputs file also includes mounting hardware for the 
components, electrical wiring components, and miscellaneous elements. Component 
level mass properties for the different sensor elements are not all available for individual 
level comparisons. 
Power requirements for each specific component are also not available and made 
direct component level comparison difficult. If data is available for both sensor voltage 
and current then the sensor power level is derived. Some datasheets provide voltage or 
current, not both making comparison difficult. Power consumption levels for some 
components are available for different levels of operation, i.e. minimum, typical, and 
maximum. When maximum power data was available the data is passed to the power 
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properties function as the total maximum sensor power must be less than the input power 
limit to pass the program power limit check. 
Custom configured sensors for some of the sensor carried aboard the Huygens 
probe were not included in the benchmark case, as they represent a single point design or 
use of the sensor has not been used enough to develop a database of sensor 
configurations. Additional space missions with similar science objectives are required to 
develop additional sensor databases. 
V. Venus Atmospheric Properties Mission 
With the development of the ISSPO tool, a study for an interplanetary mission can 
be made. Much interest as of late has been focused on Mars and the outer gas giant 
planets. Often forgotten are the inner planets from which there is still a wealth of 
information to be determined. If the inner planets, one still poses many interesting 
questions, that have yet to be answered. Venus offers many additional atmospheric 
questions, and represents one of the most extreme environments to survive. 
Venus's atmosphere [1] represents an environment with a surface pressure about 
90 times that of earth, planetary surface temperature of 730 K, and a carbon dioxide 
(CO2) atmosphere with cloud layers compromised of sulfuric acid. The upper region in 
the atmosphere also rotates about the planet in a period of about 4 days, about 60 times 
faster than at the surface. Currently it is unknown what the driving mechanism is behind 
this observation. Flow around the planet also tends toward the poles, but no observed 
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flows head away from the polar regions. The nature of the harsh environment on Venus 
makes long term observation of atmospheric properties difficult, and the underlying 
operation of some of the atmospheric properties are likely to remain a mystery until new 
methods can be found to survive the environment. 
The objective goals of the mission will be to provide additional information on 
the structure of Venus's atmosphere, and to try to provide insight into additional 
mechanisms that could be causing the observed atmospheric properties. Along with the 
atmospheric suite, additional sensors carried aboard the craft can provide additional 
contextual information to exactly what is occurring during the mission timeframe. 
Unfortunately due to the extremely hot and corrosive nature of Venus's atmosphere, a 
long term mission that would operate over several weeks or months is not possible, so as 
much information on what is occurring must be recorded in the mission time available. 
The mission window would be on the order of several hours Earth time, and last during 
the atmospheric entry and for a period of time on the surface. 
The sensor elements required during this planetary mission are shown in Table 
58, along with information on the nature of the observation and its benefit to the planned 
mission concept. With the relative closeness of Venus, the mission timeframe is reduced, 
and the transmission time delay is significantly shorter than missions to the outer planets. 
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Table 58 Venus Atmospheric Mission Objectives 
Venus Atmospheric Mission Objectives 
Mission Data 
ATMOSPHERE - Temperature 
ATMOSPHERE - Pressure 








Provide Atmospheric Temperature consistent with 
mission trajectory, provides temperature calibration 
data for other sensors onboard 
Provide Atmospheric Pressure consistent with 
mission trajectory, provides pressure calibration 
data for other sensors onboard 
Measure Wind Velocity profiles throughout the 
atmospheric descent, providing data to validate 
physical models 
Provides spacecraft orientation information to 
determine relative wind flows around spacecraft 
Provide descent deceleration profile information 
and use for event sequence timings 
Map planetary magnetic field to determine if it 
accounts for observed wind flows 
Detect charged particle occurrences in the 
atmosphere looking for energetic reactions in the 
atmosphere 
Provide in-situ visual observations of wind flows in 
visual, ultraviolet, and infrared wavelengths to 
track cloud motion patterns 
These sensor data types are then loaded into an ISSPO input file to investigate the 
destination planet Venus, and use the "SI" unit system. In this case the mission is being 
planned and there are no fixed limits to apply to the sensor design for a preliminary 
configuration. Values are still required by the program, but can be set to any values. If 
the resulting package is less than the input values, the mission design will "appear" to 
"succeed", and if the input limits the tool will "appear" to "fail". However, since there is 
no driving goal to meet for this mission concept, a failure case merely means that the 
input limits are too low. This can be resolved by finding ways to reduce the weight, 
volume, or power consumption, through a custom designed configuration, or find ways to 
92 
increase the payload budget limits. Either of these two methods usually means additional 
development time and additional budgetary costs. 




























A summary of the resulting design for the different sensor is shown in Table 59. 
It includes a minimum design for each sensor, and the quality of the data returned would 
be improved by incorporating all spacecraft axis and some redundancy into the sensor 
design. Sensors that record one-dimensional data, i.e. wind velocity, inclination, and 
acceleration would require at least one sensor along each primary spacecraft axis to 
provide a complete description of the data being recorded. With the primary data interest 



























































































































































































































































































































































































The full details of the assembled sensor package are noted in Appendix C. Data 
for some of the components is not available, and the results might very with additional 
sensor data. With the sensor configuration known it can be incorporated into the 
spacecraft development process and provide information for the size and power of the 
vehicle needed to carry the science payload. 
VI. Summary 
The ISSPO Tool is developed as a preliminary tool to determine the sensors 
required to answer planetary science mission questions. Given a planetary body and a 
description of planetary science objectives to be accomplished, the tool will determine 
the sensors needed to return the results. ISSPO selects the correct sensor components 
based on the input criteria and the planetary environmental properties. Selection of the 
final sensor components are then based on additional operational parameters that vary for 
each different sensor component. Databases for each type of sensor are based on 
commercially available sensors. The goal of this is to reduce the amount of time spent 
performing trades studies to determine the correct sensor to use. The use of 
commercially developed products and flight rated hardware reduces the time and cost of 
new space missions by having to develop new custom hardware components for each 
mission. 
A benchmark case proving the sensor design algorithms was performed on the 
Huygens probe mission to Titan. Science objectives for each sensor package were 
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broken down into the different types of sensor data that was to be provided. The 
requirements for the different sensors were input into the ISSPO input file along with the 
sensor package weight and power limits. Evaluating each sensor package resulted in 
selection of the Huygens hardware for known flight components. For sensors where the 
commercial component was unknown, similar performing sensors were chosen based on 
operational range, environmental properties and the other sensor requirements input into 
the ISSPO program file. The resulting design configurations agree within a reasonable 
margin to the sensor package mass and power requirements. 
A sensor payload configuration was developed for a conceptual mission design to 
Venus to answer additional question on the mechanisms that drive the intense 
atmospheric winds. The sensor package was designed to monitor atmospheric winds, 
probe orientation, acceleration, planetary magnetic fields, charged particle radiation, and 
optical imaging to provide a visual record of atmospheric cloud movements. At this 
conceptual level no restrictions on payload mass, volume, or power constraints are 
applied to the mission design. In this manner the ISSPO tool can provide preliminary 
budgets, for mission requirements, to determine the minimum sensor configuration 
needed to obtain the mission science data. 
The summary package comprises commercially available design components, and 
could be modified further by the use of custom designed sensors to provide higher 
fidelity data or modified to reduce mass or power requirements. The use of custom 
mission components, adds complexity, time, and cost into the development time fame for 
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any mission, as the unit must be fully qualified and tested before being certified for flight 
use. 
The 1SSPO tool also aids in mission design. Based on the knowledge of the 
planetary science mission a preliminary payload mass budget can be determined. With 
this knowledge the associated spacecraft hardware can be determined required to support 
the mission. The size of the spacecraft will determine the required size of the launch 
vehicle and the operating capabilities it will need to have to send the probe to its target. 
This information then can e used to determine the operating timeline for the mission. 
VII. Future Work 
The framework has been established here for a tool to determine the optimal 
sensor configuration based on the mission science requirements. Refinements can be 
made to each available sensor database, update existing database values, add additional 
performance values, incorporate sensors based on different governing equations, new 
sensor types, etc. As each new planetary mission is executed, sensor components within 
the database can be updated, and the selection algorithms refined. Additional refinements 
can be made to the tool at system level parameters and account for interactions between 
the sensors and the spacecraft systems. 
With each new planetary mission the databases of flight proven equipment will 
grow, and new methods will be evaluated to obtain science data. Development of 
custom configurations today will lead to common components in the future. There 
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always exists a need for new custom sensor components to answer planetary science 
questions or deliver new levels of data fidelity that were unobtainable before. The 
science and technology for these new sensor designs can be built into the ISSPO Program 
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APPENDIX A: 
N2 Systems Diagram 
The N2 systems diagram demonstrates the hierarchical nature of the program's 
operation and the flow of requirements and parameters between the program modules. It 
visually illustrates the dependent nature of the design selection based on all the other 
sensor component elements within the system. 
The diagonal flow nature of the chart details the order of operation of the program 
and illustrates the direction movement of program inputs and outputs between the 
modules. The goal is begin with the broadest goals for the final system and use the top 
level programs to determine all the inputs needed by the sub-functions and process them 
in the most efficient manner. Arrows in the upper right diagonal portion of the diagram 
indicate the inputs and out puts of the different modules and how the chosen components 
provide inputs to other modules. Arrows below the main diagonal shape indicate a direct 
relational dependency on a higher level component by another component lower along 
the diagonal. The organization of the individual components is to reduce the number of 
"up-flowing" program elements in the illustration. 
By reducing the number of up-flowing elements the design cycle is reduced and 
fewer iterations are required before a final design is achieved. The input file format 
required by the ISSPO program, loads all the required program data and determines 
which sensor to run and provides them in a simple method, reducing the number of 
design cycle iterations. The full system diagram detailing the relationship between all the 
program modules, and flow down of data is detailed in Figure A-l. The atmospheric 
107 
suite is shown as the single sensor package system as it is called in main program. The 
individual sensors contained within this module are tightly coupled together, and more 
dependent on the output of other sensor within this module. The N diagram showing the 
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Figure A-2 Atmospheric Suite N2 Diagram 
Circular nodes in the two diagrams indicate a connection between data flow between the 
different sensor modules. These sensors are often design to survive harsh environments 
and include the ability to monitor multiple atmospheric parameters. Depending on the 
environment and desired sensor properties use of a single sensor may prove to a superior 
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D20. Error Program 
% function ERROR_PRG(ERR_Code) 
% ERROR Code Handling Program 
% 
% Developed by: Keith Schreck 
% Mechanical and Aerospace Engineering 
% San Jose State University 
% Date: Fall 2007 
% This file contains ERROR code handles for the ISSPO program. 
% When an ERROR case flag is detected within the main ISSPO program 
% this program is called with the appropriate ERR_Code. A message as 
% to the error that occurred and the point in the program at which it 
% occured is printed to the screen and the program either waits for 
% corrected input or simply exits. Along with the error message is a 
% possible cause of the problem or a method to fix it. In most cases 
% the error is the result of an unexpected input not matching a pre-
% defined match in the program. This is usually the result of a 
% erroneous input to the program and must be remedied by the user. 
% 
function ERR0R_PRG(ERR_Code! 
% DISPLAY ERROR CODE NUMBER 
fprintf('\n\n *** ERROR CODE: %3d * * *',ERR_Code) ; 
% Display Error Code Statement 
swi t ch(ERR_Code) 
% CASE X ERRORS - PROGRAMATIC ERRORS DATA FILES DO NOT EXIST 
case 1 % ERROR 1 - INPUT FILE DOES NOT EXIST 
disp('ERROR: Declared INPUT_FILE does not exist!'); 
disp(' Verify INPUT_FILE exists before executing ISSPO!'); 
disp('*** TERMINATING ISSPO PROGRAM * * * ' ) ; 
case 2 % ERROR 2 - INPUTDECK FILE DID NOT LOAD SUCCESSFULLY 
disp('ERROR: Loaded InputDeck File does not exist!'); 
disp(' Program erred off in loading InputDeck file. ' ) ; 
disp(' Verify INPUT_FILE is successfully loaded into InputDeck.'); 
disp('*** TERMINATING ISSPO PROGRAM * * * ' ) ; 
% Return to Main Directory 
cd . . \ . .\.. ; 
case 3 % ERROR 3 - CONSTANTS DATABASE FILE FAILED TO BE SUCCESSFULLY CREATED 
disp('ERROR: Constants Database File does not exist!'); 
disp(' Program erred off in creating Constants database file. ' ) ; 
disp(' Verify Constants program is correctly creating the database file.'); 
disp('*** TERMINATING ISSPO PROGRAM * * * ' ) ; 
% Return to Main Directory 
cd . . \ . . \ . . ; 
case 4 % ERROR 4 - PLANETARY DATABASE FILE FAILED TO BE SUCCESSFULLY CREATED 
disp('ERROR: Planetary Database File does not exist!'); 
disp(' Program erred off in creating Planetary database file. ' ) ; 
disp(' Verify Planetary Database proqram is correctly creating the database 
file.'); 
dispt 1*** TERMINATING ISSPO PROGRAM * * * ' ) ; 
% Return to Main Directory 
cd ..\..\..; 
% CASE 5X ERRORS UNKNOWN VARIABLES LOADED INTO PROGRAM 
case 50 % CASE 50 ERROR UNIDENTIFIED UNIT TYPE IN INPUT FILE 
disp('ERROR: UNKNOWN UNIT TYPE IN INPUT FILE!'); 
disp(' Unknown Unit Type entered into Input File. ' ) ; 
disp(' Verify UNIT is ''SI'' or ''British'' in Input File.'); 
disp('*** TERMINATING ISSPO PROGRAM * * * ' ) ; 
% Return to Main Directorv 
Cd ..\..\..; 
case 51 % CASE 51 ERROR UNIDENTIFIED PRIMTFLG IN INPUT FILE 
disp('ERROR: UNKNOWN PRINT FLAG IN INPUT FILE!1); 
disp(' Unknown PRINTFLG variable entered into Input File. ' ) ; 
disp(' Verify PRINTFLG is ''Y'1 or ''N1' in Input File.'); 
disp('*** TERMINATING ISSPO PROGRAM * * * ' ) ; 
4 Return to Main Directory 
Cd ..\..\..: 
case 52 % CASE 52 ERROR UNIDENTIFIED DATA TYPE IN SENSOR_DATA 
disp('ERROR: UNKNOWN SENSOR_DATA ARRAY DATA TYPE!'); 
363 
disp(' Program erred off in DataTypeVerifier Program. ' ) ; 
disp(' Verify only allowed Data Types are entered in Input File. 1); 
disp(' Data Input Types are case sensitive. Values must be entered in ALL 
CAPS.'), 
disp('*** TERMINATING ISSPO PROGRAM * * * ' ) ; 
% Return to Main Directory 
cd . . \ . . \.. ; 
case 53 % CASE 53 ERROR MASS_LIMIT VARIABLE UNDEFINED IN SENSOR_DATA 
dispCERROR: UNDEFINED MASS_LIMIT VARIABLE IN INPUT FILE!'); 
disp(' Program erred off in DataTypeVerifier Program. ' ) ; 
disp(' Verify MASS_LIMIT Variable is defined in Input File.'); 
disp('*** TERMINATING ISSPO PROGRAM * * * ' ) ; 
% Return to Main Directory 
cd . . \ . . \ . . ; 
case 54 % CASE 54 ERROR POWER_LIMIT VARIABLE UNDEFINED IN SENSOR_DATA 
disp('ERROR: UNDEFINED POWER_LIMIT VARIABLE IN INPUT FILE!'); 
dispi' Program erred off in DataTypeVerifier Program. ' ) ; 
disp(' Verify POWER_LIMIT Variable is defined in Input File.'); 
dispi'*** TERMINATING ISSPO PROGRAM * * * ' ) ; 
% Return to Main Directory 
cd . . \ . . \ . . ; 
case 55 % CASE 55 ERROR VOLUME_LIMIT VARIABLE UNDEFINED IN SENSOR_DATA 
disp('ERROR: UNDEFINED VOLUME_LIMIT VARIABLE IN INPUT FILE!'); 
disp(' Program erred off in DataTypeVerifier Program. ' ) ; 
disp(' Verify VOLUME_LIMIT Variable is defined in Input File.'); 
d i s p C * * * TERMINATING ISSPO PROGRAM * * * ' ) ; 
% Return to Main Directory 
Cd . .\. . \ . . ; 
case 56 % CASE 56 ERROR SENSOR OPTION REQUIRES ADDITIONAL DATA IN SENSCR_DATA 
dispi'ERROR: SENSOR OPTION REQUIRES ADDITIONAL DATA IN SENSOR_DATA ARRAY!'); 
dispi' Program erred off in DataTypeVerifier Program. ' ) ; 
disp(' Selected Sensor Option Requires Additional Design Information.'); 
disp(' Verify Proper Data Input Format for each Sensor Type.'); 
dispi'*** TERMINATING ISSPO PROGRAM * * * ' ) ; 
% Return to Main Directory 
cd ..\..\..; 
case 57 % CASE 57 ERROR SENSOR OPTION OPTICS REQUIRES ADDITIONAL DATA IN 
SENSOR_DATA 
dispi'ERROR: SENSOR OPTION OPTICS REQUIRES ADDITIONAL DATA IN SENSORJDATA 
ARRAY!'); 
disp(' Program erred off in DataTypeVerifier Program. ' ) ; 
disp(' Selected Sensor Option ''OPTICS'' Requires Additional Design 
Information.'); 
dispt' Verify Proper Data Input Format for each Sensor Type.'); 
dispi'*** TERMINATING ISSPO PROGRAM * * * ' ) ; 
% Return to M a m Directory 
cd ..\..\..; 
case 58 % CASE 58 ERROR SENSOR OPTION OPTICS REQUIRES ADDITIONAL DATA IN 
SENSOR_DATA 
disp('ERROR: SENSOR OPTION OPTICS REQUIRES ADDITIONAL DATA IN SENSOR_DATA 
ARRAY!'); 
dispi' Program erred off in DataTypeVerif ier Program. ' ) ,-
disp(' Selected Sensor Option ''OPTICS'' Requires Additional Design 
Information.'); 
disp(' Verify Proper Data Input Format for each Sensor Type.'); 
dispi'*** TERMINATING ISSPO PROGRAM * * * ' ) ; 
% Return to Main Directory 
cd ..\..\..; 
case 59 % CASE 59 ERROR SENSOR OPTION OPTICS REQUIRES SYSTEM TYPE IN SENSOR DATA 
dispi'ERROR: SENSOR OPTION OPTICS REQUIRES SYSTEM TYPE IN SENSOR_DATA ARRAY!'); 
dispi' Program erred off in DataTypeVerifier Program. ' ) ; 
dispi' Selected Sensor Option ''OPTICS'' Requires Additional Design 
Information.'); 
dispi' Verify Optical Sensor System Type is defined in 2nd Column position.'); 
dispC Specify Resolution as: ''CAMERA'' ' 'ARRAY' ' ''LINEAR' ' ' ) ; 
dispi1*** TERMINATING ISSPO PROGRAM * * * ' ) ; 
% Return to Main Directory 
cd . . \ . . \ . . ; 
case 6 0 % CASE 6 0 ERROR SENSOR OPTION OPTICS REQUIRES RESOLUTION DATA IN 
SENSOR_DATA 
dispi'ERROR: SENSOR OPTION OPTICS REQUIRES RESOLUTION DATA IN SENSOR_DATA 
ARRAY!'); 
dispi' Program erred off in DataTypeVerifier Program. ' ) ; 
dispi' Selected Sensor Option ''OPTICS'' Requires Additional Design 
Information.') ; 
dispi' Verify Optical Sensor Resolution is defined in 3rd Column position.'); 
364 
dispi' Specify Resolution as: ''LOW' ''MEDIUM11 ''HIGH'' ' ) ; 
dispi'*** TERMINATING ISSPO PROGRAM * * * ' ) ; 
% Return to Main Directory 
cd . . \ . . \ - - ; 
case 61 % CASE SI ERROR SENSOR OPTION OPTICS UNDEFINED IMAGE TYPE IN SENSOR_DATA 
disp('ERROR: SENSOR OPTION OPTICS UNDEFINED IMAGE TYPE IN SENSOR_DATA ARRAY!'); 
disp(' Program erred off in DataTypeVerifier Program. ' ) ; 
disp(' Selected Sensor Option ''OPTICS'' Requires Additional Design 
Information.'); 
disp(' Undefined Image Option Type in Optical Sensor Data.'); 
dispC Specify Image Type as: ' 'X-RAY' ' ''VISUAL'' ''UV'- ''NIR'' 
• 'MICRO' • • ) ; 
disp('*** TERMINATING ISSPO PROGRAM * * * ' ) ; 
% Return to Main Directory 
Cd ..\..\..; 
case 62 % CASE 62 ERROR SENSOR OPTION RADIATION REQUIRES ADDITIONAL DATA IN 
SENSOR_DATA 
dispC ERROR: SENSOR OPTION RADIATION REQUIRES ADDITIONAL DATA IN SENSOR_DATA 
ARRAY!'); 
dispi' Program erred off in DataTypeVerifier Program. ' ) ; 
dispi' Selected Sensor Option ''RADIATION'' Requires Additional Design 
Information.'); 
disp(' Verify Proper Data Input Format for each Sensor Type.'); 
dispi'*** TERMINATING ISSPO PROGRAM * * * ' ) ; 
% Return to Main Directory 
cd ..\..\..; 
case 63 % CASE 63 ERROR SENSOR OPTION OPTICS UNDEFINED RADIATION TYPE IN 
SENSOR_DATA 
disp('ERROR: SENSOR OPTION OPTICS UNDEFINED RADIATION TYPE IN SENSOR_DATA 
ARRAY! ' ) ; 
disp(' Program erred off in DataTypeVerifier Program. ' ) ; 
dispi' Selected Sensor Option ''RADIATION'' Requires Additional Design 
Information.'); 
disp(' Undefined RADIATION Option Type in Radiation Sensor Data.'); 
dispi' Specify Image Type as: ''Charged Particle'' ''Alpha'' ''Beta'' 
''Gamma'' ''X-Ray'' ' ) ; 
dispi'*** TERMINATING ISSPO PROGRAM * * * ' ) ; 
% Return to Main Directory 
Cd . . \ . . \ . . ; 
case 64 % CASE 64 ERROR SENSOR OPTION INCLINATION REQUIRES ADDITIONAL DATA IN 
SENSOR_DATA 
dispi'ERROR: SENSOR OPTION INCLINATION REQUIRES ADDITIONAL DATA IN SENSOR_DATA 
ARRAY! ' ) ; 
dispi' Program erred off in DataTypeVerifier Program. ' ) ; 
dispi' Selected Sensor Option ''INCLINATION1' Requires Additional Design 
Information.'); 
dispi' Verify Proper Data Input Format for each Sensor Type.'); 
dispi'*** TERMINATING ISSPO PROGRAM * * * ' ) ; 
% Return to Main Directory 
cd ..\..\..; 
case 65 % CASE 65 ERROR SENSOR OPTION INCLINATION REQUIRES RESOLUTION DATA IN 
SENSOR_DATA 
dispi'ERROR: SENSOR OPTION INCLINATION REQUIRES ANGLE DATA IN SENSOR_DATA 
ARRAY!'); 
dispi' Program erred off in DataTypeVerifier Program. ' ) ; 
dispi' Selected Sensor Option ''INCLINATION'' Requires Additional Design 
Information.') ; 
dispi' Verify Inclination Sensor Range is defined in 2nd Column position.'); 
dispi' Specify Range as: ''LOW' ''MEDIUM'' ''HIGH'' ' ) ; 
dispi'*** TERMINATING ISSPO PROGRAM * * * ' ) ; 
% Return to Main Directory 
cd . . \ . . \ . . ; 
case 66 % CASE 66 ERROR SENSOR OPTION ACCELERATION REQUIRES ADDITIONAL DATA IN 
SENSOR_DATA 
dispi'ERROR: SENSOR OPTION ACCELERATION REQUIRES ADDITIONAL DATA IN SENSOR_DATA 
ARRAY!'); 
dispi' Program erred off in DataTypeVerifier Program. ' ) ; 
dispi' Selected Sensor Option ''ACCELERATION'' Requires Additional Design 
Information.'); 
dispi' Verify Proper Data Input Format for each Sensor Type.'); 
dispi'*** TERMINATING ISSPO PROGRAM * * * • ) ; 
% Return to Main Directory 
cd ..\..\..; 
case 67 % CASE 67 ERROR SENSOR OPTION ACCELERATION REQUIRES RANGE DATA IN 
SENSOR DATA 
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dispC ERROR: SENSOR OPTION ACCELERATION REQUIRES ACCELERATION DATA IN 
SENSOR_DATA ARRAY!'); 
disp(' Program erred off in DataTypeVerifier Program. ' ) ; 
disp(' Selected Sensor Option ''ACCELERATION'' Requires Additional Design 
Information.'); 
disp(' Verify Acceleration Sensor Range is defined in 2nd Column position.'); 
disp!' Specify Range as: ''SOFT'' ''MEDIUM'' ''HIGH'1 ''IMPACT1' 
''BALLISTIC ' ' ) ; 
dispC*** TERMINATING ISSPC PROGRAM * * * ' ) ; 
% Return to Main Directory 
Cd . . \ . . \ . . ; 
case 68 % CASE 68 ERROR SENSOR OPTION WIND VELOCITY REQUIRES ADDITIONAL DATA IN 
SENSOR_DATA 
disp('ERROR: SENSOR OPTION ATMOSPHERE REQUIRES ADDITIONAL DATA IN SENSOR_DATA 
ARRAY!'); 
disp(' Program erred off in DataTypeVerifier Program. ' ) ; 
disp(' Selected Sensor Option ''WIND VELOCITY'' Requires Additional Design 
Information.') ; 
disp(' Verify Proper Data Input Format for each Sensor Type. ') ; 
disp('*** TERMINATING ISSPO PROGRAM * * • * ' ) ; 
% Return to Main Directory 
cd . . \ . . \ . . ; 
case 6 9 % CASE 6 9 ERROR SENSOR OPTION WIND VELOCITY REQUIRES ADDITIONAL DATA IN 
SENSOR_DATA 
disp('ERROR: SENSOR OPTION ATMOSPHERE REQUIRES ADDITIONAL DATA IN SENSOR_DATA 
ARRAY!'); 
disp(' Program erred off in DataTypeVerifier Program. ' ) ; 
disp(' Selected Sensor Option ''WIND VELOCITY'' Requires Additional Design 
Information.'); 
disp(' Verify Wind Velocity Sensor type is defined in the next Column 
position.'); 
disp(' Specify Type as: ''ANEMOMETER'' or ''DOPPLER'' ' ) ; 
disp('*** TERMINATING ISSPO PROGRAM * * * ' ) ; 
% Return to Main Directorv 
Cd ..\..\..; 
case 70 % CASE 70 ERROR SENSOR OPTION GAS ANALYSIS REQUIRES ADDITIONAL DATA IN 
SENSOR_DATA 
disp('ERROR: SENSOR OPTION GAS ANALYSIS REQUIRES ADDITIONAL DATA IN SENSOR_DATA 
ARRAY! ' ) ; 
disp(' Program erred off in DataTypeVerifier Program. ' ) ; 
disp(' Selected Sensor Option ''GAS ANALYSIS' 'Requires Additional Design 
Information.') ; 
disp(' Verify GCMS Sensor type is defined in the 2nd Column position.'); 
dispC Specify Type as: ''WAVELENGTH'' or • 'MASS -CHARGE' ' ' ) ; 
disp('*** TERMINATING ISSPO PROGRAM * * * ' ) ; 
I Return to Main Directory 
Cd ..\..\..; 
case 71 % CASE 71 ERROR SENSOR OPTION GAS ANALYSIS REQUIRES ADDITIONAL DATA IN 
SENSOR_DATA 
disp('ERROR: SENSOR OPTION GAS ANALYSIS REQUIRES ADDITIONAL DATA IN SENSOR_DATA 
ARRAY!'); 
disp(' Program erred off in DataTypeVerifier Program. ' ) ; 
disp(' Selected Sensor Option ''GAS ANALYSIS''Requires Additional Design 
Information.'); 
disp(' Selected Sensing Type ''MASS-CHARGE'' Option Requires input in the 3rd 
Column.'); 
disp(' Verify Proper Data Input Format for each Sensor Type.'); 
disp('*** TERMINATING ISSPO PROGRAM * * * ' ) ; 
% Return to Main Directory 
cd ..\..\..; 
case 72 % CASE 72 ERROR SENSOR OPTION GAS ANALYSIS REQUIRES ADDITIONAL DATA IN 
SENSOR_DATA 
disp('ERROR: SENSOR OPTION GAS ANALYSIS REQUIRES ADDITIONAL DATA IN SENSOR_DATA 
ARRAY!'); 
disp(' Program erred off in DataTypeVerifier Program. ' ) ; 
disp(' Selected Sensor Option ''GAS ANALYSIS''Requires Additional Design 
Information.'); 
disp(' Selected Sensing Type ' 'MASS-CHARGE' ' Option Requires input in the 3rd 
Column. ' ) ; 
disp(' Verify Gas Analysis Sensor Range is defined in 3rd Column position.'); 
disp(' Specify Range as: ''LOW'' ''MEDIUM'' ''HIGH'' ' ) ; 
disp('*** TERMINATING ISSPO PROGRAM * * * ' ) ; 
% Return to Main Directory 
cd ..\..\..; 
case 73 % CASE 73 ERROR SENSOR OPTION ACCELERATION REQUIRES ADDITIONAL DATA IN 
SENSOR DATA 
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dispC ERROR: SENSOR OPTION ACCELERATION REQUIRES ADDITIONAL DATA IN SENSOR_DATA 
ARRAY! ' ) ; 
disp(' Program erred off in DataTypeVerifier Program. ' ) ; 
dispi' Selected Sensor Option ''ACCELERATION'' Requires Additional Design 
Information.'); 
disp(' Verify Acceleration Range in 2nd Column Position, Power Type in 3rd 
Column.'); 
disp(' Verify Proper Data Input Format for each Sensor Type.'); 
dispt'*** TERMINATING ISSPO PROGRAM * * * ' ) ; 
% Return to Main Directory 
cd . . \ . . \ . . ; 
case 74 % CASE 74 ERROR SENSOR OPTION ACCELERATION REQUIRES POWER TYPE DATA IN 
SENSOR_DATA 
dispC ERROR: SENSOR OPTION ACCELERATION REQUIRES ACCELERATION DATA IN 
SENSOR_DATA ARRAY!'); 
disp(' Program erred off in DataTypeVerifier Program. ' ) ; 
disp(' Selected Sensor Option ''ACCELERATION'' Requires Additional Design 
Information.'); 
disp(' Verify Acceleration Sensor Power Type is defined in 3rd Column 
position.'); 
disp(' Specify Type as: ''Voltage'' ''Const Current'' ''Self Generating'1 
') ; 
disp('*** TERMINATING ISSPO PROGRAM * * * ' } ; 
% Return to Main Directory 
cd ..\..\..; 
case 75 % CASE 75 ERROR SENSOR OPTION TEMPERATURE REQUIRES ADDITIONAL DATA IN 
SENSOR_DATA 
disp('ERROR: SENSOR OPTION ATMOSPHERE REQUIRES ADDITIONAL DATA IN SENS0RJ3ATA 
ARRAY!'); 
disp(' Program erred off in DataTypeVerifier Program. ' ) ; 
dispt1 Selected Sensor Option ''TEMPERATURE'' Requires Additional Design 
Information.'); 
disp(' Verify Proper Data Input Format for each Sensor Type.'!; 
di s p C * * * TERMINATING ISSPO PROGRAM * * * ' ) ; 
% Return to Main Directory 
Cd ..\..\..; 
case 76 % CASE 76 ERROR SENSOR OPTION TEMPERATURE REQUIRES ADDITIONAL DATA IN 
SENSOR_DATA 
disp('ERROR: SENSOR OPTION TEMPERATURE REQUIRES ADDITIONAL DATA IN SENSOR_DATA 
ARRAY!'); 
disp(' Program erred off in DataTypeVerifier Program. ' ) ; 
disp(' Selected Sensor Option ''TEMPERATURE'' Requires Additional Design 
Information.'); 
disp(' Verify Temperature Sensor type is defined in the next Column 
position.'); 
dispt' Specify Type as: ''VOLTAGE'' or ''RESISTANCE'1 ' ) ; 
dispt'*** TERMINATING ISSPO PROGRAM * * * ' ) ; 
% Return to Main Directory 
cd ..\..\..; 
case 7 7 % CASE 7 7 ERROR SENSOR OPTION ACOUSTICS REQUIRES ADDITIONAL DATA IN 
SENSOR_DATA 
dispt'ERROR: SENSOR OPTION ACOUSTICS REQUIRES ADDITIONAL DATA IN SENSOR_DATA 
ARRAY!'); 
dispt' Program erred off in DataTypeVerif ier Program. ' ) ,-
dispt' Selected Sensor Option ''ACOUSTICS'' Requires Additional Design 
Information.'); 
dispt' Verify Proper Data Input Format for each Sensor Type.'); 
dispt'*** TERMINATING ISSPO PROGRAM * * * ' ) ; 
% Return to Main Directory 
cd ..\..\..; 
case 78 % CASE 78 ERROR SENSOR OPTION ACOUSTICS REQUIRES ADDITIONAL DATA IN 
SENSOR_DATA 
dispt'ERROR: SENSOR OPTION ACOUSTICS REQUIRES ADDITIONAL DATA IN SENSOR_DATA 
ARRAY•'); 
dispt' Program erred off in DataTypeVerifier Program. ' ) ; 
dispt' Selected Sensor Option ''ACOUSTICS'' Requires Additional Design 
Information.'); 
dispt' Verify Acoustic Sensor type is defined in the next 2nd position.'); 
dispC Specify Type as: ''SENSOR'' or ''ARRAY'' • ) ; 
dispt'*** TERMINATING ISSPO PROGRAM * * * ' ) ; 
% Return to Main Directory 
cd . . \. .\ . . ; 
case 7 9 % CASE 7 9 ERROR SENSOR OPTION DENSITY REQUIRES ADDITIONAL DATA IN 
SENSOR_DATA 
dispt'ERROR: SENSOR OPTION ATMOSPHERE REQUIRES ADDITIONAL DATA IN SENSOR_DATA 
ARRAY I ') ; 
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disp(' Program erred off in DataTypeVerifier Program. ' ) ; 
disp(' Selected Sensor Option ''DENSITY'' Requires Additional Design 
Information.'); 
disp(' Verify Proper Data Input Format for each Sensor Type.'); 
dispC*** TERMINATING ISSPO PROGRAM * * * ' ) ; 
% Return to Main Directory 
cd ..\..\..; 
case 80 % CASE 80 ERROR SENSOR OPTION SENSITY REQUIRES ADDITIONAL DATA IN 
SENSOR_DATA 
disp('ERROR: SENSOR OPTION DENSITY REQUIRES ADDITIONAL DATA IN SENSOR_DATA 
ARRAY!'); 
disp(' Program erred off in DataTypeVerifier Program. ' ) ; 
disp(' Selected Sensor Option ''DENSITY'' Requires Additional Design 
Information.'); 
disp!' Verify Density Sensor type is defined in the next Column position.'); 
disp(' Specify Type as: ''GAS'' or ''LIQUID'' ' ) ,-
d i s p C * * * TERMINATING ISSPO PROGRAM * * * ' ) ; 
% Return to Main Directory 
cd . . \ - - \ - - ; 
case 81 % CASE 81 ERROR OPTION DIGITAL SIGNAL PROCESSING REQUIRES ADDITIONAL 
DATA IN SENSOR_DATA 
disp('ERROR: OPTION DATA PROCESSING REQUIRES ADDITIONAL DATA IN SENSOR_DATA 
ARRAY! ' ) ; 
disp(' Program erred off in DataTypeVerifier Program. ' ) ; 
disp(' Selected Sensor Option ''DATA PROCESSING'' Requires Additional Design 
Information.'); 
disp(' Verify Proper Data Input Format for each Sensor Type.'); 
disp('*** TERMINATING ISSPO PROGRAM * * * ' ) ; 
% Return to Main Directory 
cd . . \ . . \ . . ; 
case 82 % CASE 82 ERROR OPTION DIGITAL SIGNAL PROCESSING REQUIRES ADDITIONAL 
DATA IN SENSOR_DATA 
disp('ERROR: OPTION DATA PROCESSING REQUIRES ADDITIONAL DATA IN SENSOR_DATA 
ARRAY! ' ) ; 
disp(' Program erred off in DataTypeVerif ier Program. ' ) ,-
disp(' Selected Sensor Option ''DATA PROCESSING'' Requires Additional Design 
Information.'); 
disp{' Verify CPU SPEED in 2nd Column Position, NUMBER OF DATA INPUTS in 3rd 
Column.'); 
disp(' Verify Proper Data Input Format for each Sensor Type.'); 
disp('*** TERMINATING ISSPO PROGRAM * * * ' ) ; 
% Return to Main Directorv 
cd . . \ . . \ . . ; 
case 83 % CASE 83 ERROR OPTION DIGITAL SIGNAL PROCESSING REQUIRES ADDITIONAL 
DATA IN SENSOR_DATA 
disp!'ERROR: OPTION DATA PROCESSING REQUIRES ADDITIONAL DATA IN SENSOR_DATA 
ARRAY!'); 
disp(' Program erred off in DataTypeVerifier Program. ' ) ; 
disp(' Selected Sensor Option ''DATA PROCESSING'' Requires Additional Design 
Information.'); 
disp(' Verify CPU SPEED is defined in 2nd Column position.'); 
dispC Specify Range as: ''LOW' ''MEDIUM'' ''HIGH1' ' ) ; 
dispC*** TERMINATING ISSPO PROGRAM * * * ' ) ; 
% Return to Main Directory 
Cd ..\..\..; 
case 84 % CASE 84 ERROR OPTION DIGITAL SIGNAL PROCESSING REQUIRES ADDITIONAL 
DATA IN SENSOR_DATA 
disp('ERROR: OPTION DATA PROCESSING REQUIRES ADDITIONAL DATA IN SENSOR_DATA 
ARRAY!'); 
disp(' Program erred off in DataTypeVerifier Program. ' ) ; 
disp(' Selected Sensor Option ''DATA PROCESSING'' Requires Additional Design 
Information.'); 
disp(' Non-Numeric Number detected in SENSOR DATA Array 3rd Column.'}; 
disp(' Verify NUMBER OF DATA INPUTS expected is defined in 3rd Column 
position. ' ) ,• 
disp('*** TERMINATING ISSPO PROGRAM * * * ' ) ; 
% Return to Main Directory 
cd ..\..\..; 
% CASE 1XX SENSOR RESULT DATA FILES NOT CREATED PROPERLY 
case 100 % ERROR 100 - TEMPERATURE SENSOR SUMMARY DATA FILE FAILED TO BE CREATED 
disp('ERROR: TEMP SENSOR Database File Failed to be Created!'); 
disp(' Program erred off in TEMP_SENSORS subroutine. ' ) ; 
disp(' Verify TEMP_SENSORS program is correctly creating the database file.'); 
dispC*** TERMINATING ISSPO PROGRAM * * * ' ) ; 
% Return to Main Directory 
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file. 
cd . . \ . . \ . . ; 
case 101 % ERROR 101 - PRESSURE SENSOR SUMMARY DATA FILE FAILED TO BE CREATED 
disp('ERROR: PRESSURE SENSOR Database File Failed to be Created!'); 
disp(' Program erred off in PRES3URE_SENS0RS subroutine. ' ) ; 
disp(' Verifv PRESSURE_SENSORS program is correctly creating the database 
file.'); 
disp('*** TERMINATING ISSPO PROGRAM * * * ' ) ; 
% Return to Main Directory 
cd . . \ . .\. . ; 
case 102 % ERROR 102 - NEPHELOMETER SENSOR SUMMARY DATA FILE FAILED TO BE CREATED 
disp('ERROR: NEPHELOMETER SENSOR Database File Failed to be Created!'); 
disp(' Program erred off in NEPHELOMETER_SENSORS subroutine. ' ) ; 
disp(' Verify NEPHELOMETER_SENSORS program is correctly creating the database 
file.'); 
disp('*** TERMINATING ISSPO PROGRAM * * * ' ) ; 
% Return to Main Directory 
cd ..\..\..; 
case 103 % ERROR 103 - HUMIDITY SENSOR SUMMARY DATA FILE FAILED TO BE CREATED 
disp('ERROR: HUMIDITY SENSOR Database File Failed to be Created!'); 
disp(' Program erred off in HUMIDITY_SENSORS subroutine. ' ) ; 
disp(' Verify HUMIDITY_SENSORS program is correctly creating the database 
dispt'*** TERMINATING ISSPO PROGRAM * * * ' ) ; 
% Return to Main Directory 
Cd ..\..\..; 
case 104 % ERROR 104 - DENSITY SENSOR SUMMARY DATA FILE FAILED TO BE CREATED 
disp('ERROR: DENSITY SENSOR Database File Failed to be Created!'); 
dispt' Program erred off in DENSITY_SENSORS subroutine. ' ) ; 
disp(' Verify DENSITY_SENSORS program is correctly creating the database 
file.'); 
dispt'*** TERMINATING ISSPO PROGRAM * * * ' ) ; 
% Return to Main Directory 
cd ..\..\..; 
case 105 % ERROR 105 - ACOUSTIC SENSOR SUMMARY DATA FILE FAILED TO BE CREATED 
disp('ERROR: ACOUSTIC SENSOR Database File Failed to be Created!'); 
dispt' Program erred off in ACOUSTIC_SENSORS subroutine. ' ) ; 
disp(' Verify ACOUSTIC SENSORS program is correctly creating the database 
file.'); 
dispt'*** TERMINATING ISSPO PROGRAM * * * ' ) ; 
% Return to Main Directory 
cd ..\..\..; 
case 106 % ERROR 106 - AC FIELD SENSOR SUMMARY DATA FILE FAILED TO BE CREATED 
disp('ERROR: AC FIELD SENSOR Database File Failed to be Created!'); 
dispt' Program erred off in AC_FIELD_SENSORS subroutine. ' ) ; 
disp(' Verify AC_FIELD_SENSORS program is correctly creating the database 
file.'); 
disp!'*** TERMINATING ISSPO PROGRAM * * * ' ) ; 
% Return to Main Directory 
cd . . \..\ . .; 
case 107 % ERROR 107 - WIND VELOCITY SENSOR SUMMARY DATA FILE FAILED TO BE 
CREATED 
file.'); 
dispt'ERROR: WIND VELOCITY SENSOR Database File Failed to be Created!'); 
disp(' Program erred off in WIND_VELOCITY_SENSORS subroutine. ' ) ; 
disp(' Verify WIND_VELOCITY_SENSORS program is correctly creating the database 
dispt'*** TERMINATING ISSPO PROGRAM * * * ' ) ; 
% Return to Main Directory 
cd . . \ . . \ . .; 
case 108 % ERROR 108 - ACCELEROMETER SENSOR SUMMARY DATA FILE FAILED TO BE 
CREATED 
file.'); 
disp('ERROR: ACCELEROMETER SENSOR Database File Failed to be Created!'); 
dispt' Program erred off in ACCCELEROMETER_SENSORS subroutine. ' ) ; 
disp(' Verify ACCCELEROMETER_SENSORS program is correctly creating the database 
disp('*** TERMINATING ISSPO PROGRAM * * * ' ) ; 
% Return to Main Directory 
cd . .\..\..; 
case 109 % ERROR 109 - GCMS SENSOR SUMMARY DATA FILE FAILED TO BE CREATED 
disp('ERROR: GCMS SENSOR Database File Failed to be Created!'); 
disp(' Program erred off in GCMS_SENSORS subroutine. ' ) ; 
disp(' Verify GCMS_SENSORS program is correctly creating the database file.'); 
disp('*** TERMINATING ISSPO PROGRAM * * * ' ) ; 
% Return to Main Directory 
cd . . \..\..; 
case 110 % ERROR 110 - RADIATION SENSOR SUMMARY DATA FILE FAILED TO BE CREATED 
dispt'ERROR: RADIATION SENSOR Database File Failed to be Created!'); 
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dispf1 Program erred off in RADIATION_SENSORS subroutine. ' ) ; 
dispj' Verify RADIATION_SENSORS program is correctly creating the database 
file. ') ; 
disp('*** TERMINATING ISSPO PROGRAM * * * ' ) ; 
% Return to Main Directory 
Cd ..\..\..; 
case 111 % ERROR 111 - INCLINOMETER SENSOR SUMMARY DATA FILE FAILED TO BE CREATED 
disp('ERROR: INCLINOMETER SENSOR Database File Failed to be Created!'); 
disp(' Program erred off in INCLINOMETER_SENSORS subroutine. ' ) ; 
disp(' Verify INCLINOMETER_SENSORS program is correctly creating the database 
file.'); 
d ispC*** TERMINATING ISSPO PROGRAM * * * ' ) ; 
% Return to Main Directory 
cd ..\..\..; 
case 112 % ERROR 112 - IMAGING SENSOR SUMMARY DATA FILE FAILED TO BE CREATED 
dispCERROR: IMAGING SENSOR Database File Failed to be Created!'); 
dispC Program erred off in IMAGING_SENSORS subroutine. ' ) ; 
disp(' Verify IMAGING_SENSORS program is correctly creating the database 
file.'); 
d i s p C * * * TERMINATING ISSPO PROGRAM * * * ' ) ; 
% Return to Main Directory 
Cd ..\..\..; 
case 113 % ERROR 113 - REFRACTION SENSOR SUMMARY DATA FILE FAILED TO BE CREATED 
disp('ERROR: REFRACTION SENSOR Database File Failed to be Created!'); 
dispC Program erred off in REFRACTION_SENSORS subroutine. ' ) ; 
disp(' Verify REFRACTION_SENSORS program is correctly creating the database 
file.'); 
disp('*** TERMINATING ISSPO PROGRAM * * * ' ) ; 
% Return to Main Directory 
cd . . \ . . \ . . ; 
case 114 % ERROR 114 - DATA PROCESSING SUMMARY DATA FILE FAILED TO BE CREATED 
disp('ERROR: DATA PROCESSING Database File Failed to be Created!'); 
dispC Program erred off in DIGITAL_SIGNAL_PROCESSING subroutine. ' ) ; 
disp!' Verify DIGITAL_SIGNAL_PROCESSING program is correctly creating the 
database file. •) ; 
di s p C * * * TERMINATING ISSPO PROGRAM * * * ' ) ; 
% Return to Main Directory 
cd . . \ . . \ . . ; 
% CASE 2XX SENSOR RESULT SUMMARY FILES NOT CREATED 
case 200 % ERROR 200 - TEMPERATURE SENSOR RESULT SUMMARY FILE FAILED TO BE 
CREATED 
dispCERROR: TEMP SENSOR SUMMARY File Failed to be Created!'); 
disp(' Program erred off in writing summary file in TEMP_SENSORS subroutine, 
i \ . 
disp(' Verify TEMP_SENSORS program is correctly creating the summary file.'); 
d ispC*** TERMINATING ISSPO PROGRAM * * * ' ) ; 
% Return to Main Directory 
cd . . \ . .\..; 
case 201 % ERROR 201 - PRESSURE SENSOR RESULT SUMMARY FILE FAILED TO BE CREATED 
disp('ERROR: PRESSURE SENSOR SUMMARY File Failed to be Created!'); 
dispC Program erred off in writing summary file in PRESSURE_SENSORS 
subroutine. ' ) ; 
disp(' Verify PRESSURE_SENSORS program is correctly creating the summary 
file. ' ) ; 
dispC*** TERMINATING ISSPO PROGRAM * * * ' ) ; 
% Return to Main Directory 
cd ..\..\ . . ; 
case 202 % ERROR 202 - NEPHELOMETER SENSOR RESULT SUMMARY FILE FAILED TO BE 
CREATED 
disp('ERROR: NEPHELOMETER SENSOR SUMMARY File Failed to be Created!'); 
disp(' Program erred off in writing summary file in NEPHELOMETER_SENSORS 
subroutine. ') ; 
disp(' Verify NEPHELOMETER_SENSORS program is correctly creating the summary 
file.'); 
disp('*** TERMINATING ISSPO PROGRAM * * * ' ) ; 
% Return to Main Directory 
cd ..\..\..; 
case 203 % ERROR 203 - HUMIDITY SENSOR RESULT SUMMARY FILE FAILED TO BE CREATED 
disp('ERROR: HUMIDITY SENSOR SUMMARY File Failed to be Created!'); 
disp(' Program erred off in writing summary file in HUMIDITY_SENSORS 
subroutine. ' ) ; 
disp(' Verify HUMIDITY_SENSORS program is correctly creating the summary 
file.'); 
disp('*** TERMINATING ISSPO PROGRAM * * * ' ) ; 
% Return to Main Directory 
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cd ..\..\..; 
case 2 04 % ERROR 204 - DENSITY SENSOR RESULT SUMMARY FILE FAILED TO BE CREATED 
disp('ERROR: DENSITY SENSOR SUMMARY File Failed to be Created!'); 
disp(' Program erred off in writing summarv file in DENSITY SENSORS subroutine. 
1
 ) ; 
disp(' Verify DENSITY_SENSORS program is correctly creating the summary 
file.•); 
dispC*** TERMINATING ISSPO PROGRAM * * * ' ) ; 
% Return to Main Directory 
Cd ..\..\..; 
case 205 % ERROR 205 - ACOUSTIC SENSOR RESULT SUMMARY FILE FAILED TO BE CREATED 
dispC ERROR: ACOUSTIC SENSOR SUMMARY File Failed to be Created!'); 
disp(' Program erred off in writing summary file in ACOUSTIC_SENSORS 
subroutine. ' ) ; 
disp(' Verify ACOUSTIC_SENSORS program is correctly creating the summary 
file. ' ) ; 
dispC*** TERMINATING ISSPO PROGRAM ***'!; 
% Return to Main Directory 
cd . . \ . . \ . . ; 
case 206 % ERROR 206 - AC FIELD SENSOR RESULT SUMMARY FILE FAILED TO BE CREATED 
disp('ERROR: AC FIELD SENSOR SUMMARY File Failed to be Created!'); 
disp(' Program erred off in writing summary file in AC_FIELD_SENSORS 
subroutine. ' ) ; 
disp(' Verify AC_FIELD_SENSORS program is correctly creatinq the summary 
file.'); 
disp('*** TERMINATING ISSPO PROGRAM * * * ' ) ; 
% Return to Main Directory 
Cd ..\..\..; 
case 207 % ERROR 207 - WIND VELOCITY SENSOR RESULT SUMMARY FILE FAILED TO BE 
CREATED 
disp('ERROR: WIND VELOCITY SENSOR SUMMARY File Failed to be Created!'); 
disp(' Program erred off in writing summary file in WIND_VELOCITY_SENSORS 
subroutine. ' ) ; 
disp(' Verify WIND_VELOCITY_SENSORS program is correctly creating the summary 
file.'); 
dispt'*** TERMINATING ISSPO PROGRAM * * * ' ) ; 
% Return to Main Directory 
Cd ..\..\..; 
case 208 % ERROR 208 - ACCELEROMETER SENSOR RESULT SUMMARY FILE FAILED TO BE 
CREATED 
disp('ERROR: ACCELEROMETER SENSOR SUMMARY File Failed to be Created!'); 
dispt' Program erred off in writing summary file in ACCELEROMETER_SENSORS 
subroutine. ' ) ; 
dispt' Verify ACCELEROMETER_SENSORS program is correctly creating the summary 
file. ') ; 
dispt'*** TERMINATING ISSPO PROGRAM * * * ' ) ; 
% Return to Main Directory 
cd ..\..\..; 
case 209 % ERROR 209 - GCMS SENSOR RESULT SUMMARY FILE FAILED TO BE CREATED 
disp('ERROR: GCMS SENSOR SUMMARY File Failed to be Created!'); 
disp(' Program erred off in writing summary file in GCMS_SENSORS subroutine. 
') ; 
dispt' Verify GCMS__SENSORS program is correctly creating the summary file.'); 
dispt'*** TERMINATING ISSPO PROGRAM * * * ' ) ; 
% Return to Main Directory 
cd ..\..\..; 
case 210 % ERROR 210 - RADIATION SENSOR RESULT SUMMARY FILE FAILED TO BE CREATED 
dispt'ERROR: RADIATION SENSOR SUMMARY File Failed to be Created! 1); 
dispt' Program erred off in writing summary file in RADIATION_SENSORS 
subroutine. ' ) ; 
dispt' Verify RADIATION_SENSORS program is correctly creating the summary 
file.'); 
dispt 1*** TERMINATING ISSPO PROGRAM * * * ' ) ; 
% Return to Main Directory 
cd . . \ . . \ . . ,-
case 211 % ERROR 211 - INCLINOMETER SENSOR RESULT SUMMARY FILE FAILED TO BE 
CREATED 
dispt'ERROR: INCLINOMETER SENSOR SUMMARY File Failed to be Created!'); 
dispt' Program erred off in writing summary file in INCLINOMETER_SENSORS 
subroutine. ' ) ; 
dispt' Verify INCLINOMETER_SENSORS program is correctly creating the summary 
file.'); 
dispt'*** TERMINATING ISSPO PROGRAM * * * ' ) ; 
% Return to Main Directorv 
Cd ..\..\..; 
case 212 % ERROR 212 - IMAGING SENSOR RESULT SUMMARY FILE FAILED TO BE CREATED 
371 
disp('ERROR: IMAGING SENSOR SUMMARY File Failed to be Created!'); 
disp(' Program erred off in writing summary file in IMAGING_SENSORS subroutine. 
' ! ; 
disp(' Verify IMAGING_SENSORS program is correctly creating the summary 
file. ' ) ; 
d i s p C * * * TERMINATING ISSPO PROGRAM * * * ' ) ; 
% Return to Main Directory 
cd . . \ . . \ . . ; 
case 213 % ERROR 213 - REFRACTION SENSOR RESULT SUMMARY FILE FAILED TO BE CREATED 
dispC ERROR: REFRACTION SENSOR SUMMARY File Failed to be Created!'); 
disp(' Program erred off in writing summary file in REFRACTION_SENSORS 
subroutine. ' ) ; 
disp(' Verify REFRACTION_SENSORS program is correctly creating the summary 
file.'); 
disp('*** TERMINATING ISSPO PROGRAM * * * ' ) ; 
% Return to Main Directory 
cd . . \ . . \ . . ; 
case 214 % ERROR 215 - DATA PROCESSING RESULT SUMMARY FILE FAILED TO BE CREATED 
disp('ERROR: DIGITAL SIGNAL PROCESSING SUMMARY File Failed to be Created!'); 
disp(' Program erred off in writing summary file in DIGITAL_SIGNAL_PROCESSING 
subroutine. ' ) ; 
disp(' Verify DIGITAL_SIGNAL_PROCESSING program is correctly creating the 
summary file . ') ; 
d i s p C * * * TERMINATING ISSPO PROGRAM * * * ' ) ; 
% Return to Main Directory 
Cd ..\..\..; 
case 215 % ERROR 216 - MASS PROPERTY SUMMARY DATA FILE FAILED TO BE CREATED 
dispt'ERROR: MASS PROPERTIES SUMMARY File Failed to be Created!'); 
disp(' Program erred off in MASS_PROPERTIES subroutine. ' ) ; 
disp(' Verify MASS_PROPERTIES program is correctly creating the summary 
variables file.'); 
disp('*** TERMINATING ISSPO PROGRAM * * * ' ) ; 
% Return to Main Directory 
cd ..\..\..; 
case 216 % ERROR 217 - POWER PROPERTY SUMMARY DATA FILE FAILED TO BE CREATED 
disp('ERROR. POWER PROPERTIES SUMMARY File Failed to be Created!'); 
disp(' Program erred off in POWER_PR0PERTIES subroutine. ' ) ; 
disp(' Verify POWER_PROPERTIES program is correctly creating the summary 
variables file . ' ) ; 
disp('*** TERMINATING ISSPO PROGRAM * * * ' ) ; 
% Return to Main Directory 
cd ..\..\..; 
otherwise 
disp('*** UNKNOWN ERROR DETECTED * * * ' ) ; 
disp('Report ERROR and Case Configuration to Developer for Resolution! 1); 
fprintf(' ERROR CODE: %3d', ERR_Code); 
cd ..\..\..; 
end 
% Plays Error Sound Warning 
%SoundPath = [ '\PRGM_FILES\SOUNDS' ] 




% Return to Main Directory 
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































ISSPO Program Error Codes 
The following table details the errors that can occur during the execution of the 
ISSPO tool. The ERRORPRG is triggered when an error is encountered with a single 
corresponding error code. The codes detail the nature of the error and a possible remedy 
to the problem. 
ISSPO Program ERROR Codes 


































INPUTFILE does not exist. 
Verify correct input file name. 
InputDeck file does not exist. 
InputDeck file not successfully created. 
CONSTANTS database file not created. 
Verify Constants database is being created. 
Planetary database file does not exist. 
Verify the Planetary Database program is 
correctly making the database file. 
RAM VARIABLES 
ACTION 
Invalid UNITS variable entered into input 
file. Verify UNITS is 'ST or 'British'. 
Invalid Print Option variable entered into 
input file. Verify PRINTFLG is 'Y' or 'N'. 
Prints out individual program results to 
main program window. 
Invalid type of science data entered into 
SENSOR_DATA Array. Verify sensor data 
types entered into array are valid science 
data options. 
Undefined Mass Limit variable entered into 
input file. Verify MASSLIMIT variable is 
set and defined in user input file. 
Undefined Power Limit variable entered 
into input file. Verify POWER_LIMIT 
variable is set and defined in user input file. 
Undefined Volume Limit variable entered 
into input file. Verify VOLUMELIMIT 
variable is set and defined in user input file. 
Sensor Option Requires additional Input 
parameters in SENSORDATA Variable in 





























Sensor Option 'OPTICS' Requires 
additional Input parameters in 
SENSORDATA Variable in Input file. 
Verify proper data format for selected 
sensor. Size of SENSOR DATA = 2 
Sensor Option 'OPTICS' Requires 
additional Input parameters in 
SENSORDATA Variable in Input file. 
Verify proper data format for selected 
sensor. Size of SENSOR DATA = 3 
Invalid value in sensor option 'OPTICS'. 
Requires Optical Sensor System Type in 2nd 
column position in SENSOR DATA 
variable in Input file. Valid Options are 
'CAMERA, 'ARRAY', 'LINEAR'. Verify 
proper system format for selected sensor. 
Invalid value in sensor option 'OPTICS'. 
Requires Optical Sensor Resolution in 3r 
column position in SENSORDATA 
variable in Input file. Valid Resolutions are 
'LOW, 'MEDIUM', 'HIGH'. Verify 
proper resolution format for selected sensor. 
Invalid value in sensor option 'OPTICS'. 
Requires Optical Sensor Type in 4,h column 
position in SENSOR DATA variable in 
Input file. Valid image types are 'X-RAY', 
'VISUAL', 'UV, 'NIR', and 'MICRO'. 
Verify proper image format for selected 
sensor. Multiple Image types are allowed. 
Enter additional image types in subsequent 
columns. 
Sensor Option 'RADIATION' Requires 
additional Input parameters in 
SENSORDATA Variable in Input file. 
Verify proper data format for selected 
sensor. 
Invalid value in sensor option 
'RADIATION'. Requires Radiation Sensor 
Type in 3rd column position in 
SENSORDATA variable in Input file. 
Valid radiation types are 'Charged Particle', 
'Alpha', 'Beta', 'Gamma', and 'X-Ray'. 
Verify proper radiation type for selected 
sensor. Multiple Radiation types are 
allowed. Enter additional radiation types in 
subsequent columns. 
Sensor Option 'INCLINATION' Requires 
additional Input parameters in 
SENSOR DATA Variable in Input file. 
Verify proper data format for selected 
sensor. 



























'INCLINATION'. Requires Inclination 
Sensor Range in 2nd column position in 
SENSOR DATA variable in Input file. 
Valid Ranges are 'LOW, 'MEDIUM', 
'HIGH'. Verify proper range format for 
selected sensor. 
Sensor Option 'ACCELERATION' 
Requires additional Input parameters in 
SENSORDATA Variable in Input file. 
Verify proper data format for selected 
sensor. 
Invalid value in sensor option 
'ACCELERATION'. Requires Acceleration 
Sensor Range in 2nd column position in 
SENSOR DATA variable in Input file. 
Valid Ranges are 'SOFT', 'MEDIUM', 
'HIGH', 'IMPACT', 'BALLISTIC. Verify 
proper range format for selected sensor. 
Sensor Option 'ATMOSPHERE' - 'WIND 
VELOCITY' Requires additional Input 
parameters in SENSOR DATA Variable in 
Input file. Verify proper data format for 
selected sensor. 
Invalid value in sensor option 'WIND 
VELOCITY'. Requires Sensor 
Configuration in next column position in 
SENSOR DATA variable in Input file. 
Valid Types are 'ANEMOMETER', 
'DOPPLER'. Verify proper system format 
for selected sensor. 
Invalid value in sensor option 'GAS 
ANALYSIS'. Requires Sensor 
Configuration in next column position in 
SENSOR DATA variable in Input file. 
Valid Types are 'WAVELENGTH', 
'MASS-CHARGE'. Verify proper system 
format for selected sensor. 
Invalid value in sensor option 'GAS 
ANALYSIS' - 'MASS-CHARGE' Option. 
Requires Sensing Mass Range in 3rd 
column position in SENSOR DATA 
variable in Input file. Verify proper system 
format for selected sensor. 
Invalid value in sensor option 'GAS 
ANALYSIS' - 'MASS-CHARGE' Option. 
Requires Sensing Mass Range in 3rd 
column position in SENSORDATA 
variable in Input file. Valid Ranges are 
'LOW, 'MEDIUM', 'HIGH'. Verify 
proper system format for selected sensor. 
Sensor Option 'ACCELERATION' 


























SENSORDATA Variable in Input file. 
Sensor Power Type value required in 3rd 
Column. Verify proper data format for 
selected sensor. 
Invalid value in sensor option 
'ACCELERATION'. Requires Acceleration 
Sensor Power Type in 3rd column position 
in SENSORDATA variable in Input file. 
Valid types are 'Voltage', 'Const Currant', 
'Self Generating'. Verify proper range 
format for selected sensor. 
Sensor Option 'ATMOSPHERE' -
'TEMPERATURE' Requires additional 
Input parameters in SENSOR DATA 
Variable in Input file. Sensor Power Type 
value required in next Column. Verify 
proper data format for selected sensor. 
Invalid value in sensor option 
'TEMPERATURE. Requires Temperature 
Sensor Power Type in next column position 
in SENSOR DATA variable in Input file. 
Valid types are 'VOLTAGE' or 
'RESISTANCE'. Verify proper range 
format for selected sensor. 
Sensor Option 'ACOUSTICS' Requires 
additional Input parameters in 
SENSOR DATA Variable in Input file. 
Verify proper data format for selected 
sensor. 
Invalid value in sensor option 
'ACOUSTICS'. Requires Acoustic Sensor 
Type in 2" column position in 
SENSOR DATA variable in Input file. 
Valid Ranges are 'SENSOR', or 
'ARRAY'. Verify proper type format for 
selected sensor. 
Sensor Option 'ATMOSPHERE' -
'DENSITY' Requires additional Input 
parameters in SENSORDATA Variable in 
Input file. Sensor Medium Type value 
required in next Column. Verify proper 
data format for selected sensor. 
Invalid value in sensor option 'DENSITY. 
Requires Density Sensor Medium in next 
column position in SENSORDATA 
variable in Input file. Valid types are 
'GAS' or 'LIQUID'. Verify proper 
operating medium for selected sensor. 
Sensor Option 'DATA PROCESSING' 
Requires additional Input parameters in 
SENSOR DATA Variable in Input file. 












Sensor Option 'DATA PROCESSING' 
Requires additional Input parameters in 
SENSOR_DATA Variable in Input file. 
Requires Microprocessor Cycle speed in 2" 
column position and number of connected 
devices in 3rd column position. Verify 
proper data format for selected sensor. 
Invalid value in sensor option 'DATA 
PROCESSING'. Requires Microprocessor 
Cycle speed in 2nd column position in 
SENSOR DATA variable in Input file. 
Valid types are 'LOW, 'MEDIUM', or 
'HIGH'. Verify proper operating medium 
for selected sensor. 
Invalid value in sensor option 'DATA 
PROCESSING'. Required number of 
connected devices in SENSORDATA 
variable in Input file. Non-numeric value 
detected in 3,d column position. Verify 
proper operating medium for selected 
sensor. 






























TEMPSENSORS Database file was not 
created successfully. Program erred off 
somewhere in module. 
PRESSURE SENSORS Database file was 
not created successfully. Program erred off 
somewhere in module. 
NEPHELOMETERSENSORS Database 
file was not created successfully. Program 
erred off somewhere in module. 
HUMlDITY_SENSORS Database file was 
not created successfully. Program erred off 
somewhere in module. 
DENSITY_ SENSORS Database file was 
not created successfully. Program erred off 
somewhere in module. 
ACOUSTICSENSORS Database file was 
not created successfully. Program erred off 
somewhere in module. 
ACF1ELD SENSORS Database file was 
not created successfully. Program erred off 
somewhere in module. 
WINDVELOCITY SENSORS Database 
file was not created successfully. Program 
erred off somewhere in module. 


















































file was not created successfully. Program 
erred off somewhere in module. 
GCMSSENSORS Database file was not 
created successfully. Program erred off 
somewhere in module. 
RADIATION SENSORS Database file was 
not created successfully. Program erred off 
somewhere in module. 
INCLINOMETERSENSORS Database 
file was not created successfully. Program 
erred off somewhere in module. 
IMAGINGSENSORS Database file was 
not created successfully. Program erred off 
somewhere in module. 
R£FRACTION_SENSORS Database file 
was not created successfully. Program 
erred off somewhere in module. 
DIGITAL S1GNALPROCESSING 
Database file was not created successfully. 
Program erred off somewhere in module. 
MARY FILES 
ACTION 
TEMPSENSORS Summary file was not 
created successfully. Program erred off 
somewhere in module. 
PRESSURESENSORS Summary file was 
not created successfully. Program erred off 
somewhere in module. 
NEPHELOMETER SENSORS Summary 
file was not created successfully. Program 
erred off somewhere in module. 
HUMID1TYSENSORS Summary file was 
not created successfully. Program erred off 
somewhere in module. 
DENSITYSENSORS Summary file was 
not created successfully. Program erred off 
somewhere in module. 
ACOUSTIC SENSORS Summary file was 
not created successfully. Program erred off 
somewhere in module. 
ACFIELD SENSORS Summary file was 
not created successfully. Program erred off 
somewhere in module. 
WINDVELOCITY SENSORS Summary 
file was not created successfully. Program 
erred off somewhere in module. 
ACCELEROMETERSENSORS Summary 
file was not created successfully. Program 


























GCMS SENSORS Summary file was not 
created successfully. Program erred off 
somewhere in module. 
RADIATIONSENSORS Summary file 
was not created successfully. Program 
erred off somewhere in module. 
INCLINOMETERSENSORS Summary 
file was not created successfully. Program 
erred off somewhere in module. 
IMAGING SENSORS Summary file was 
not created successfully. Program erred off 
somewhere in module. 
REFRACTION SENSORS Summary file 
was not created successfully. Program 
erred off somewhere in module. 
DIGITALSIGNALPROCESSING 
Summary file was not created successfully. 
Program erred off somewhere in module. 
MASS PROPERTIES SUMMARY file 
was not created successfully. Program 
erred off somewhere in module. 
POWER PROPERTIES SUMMARY file 
was not created successfully. Program 
erred off somewhere in module. 
388 
